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INTRODUCTION 
Information on the relative magnitudes of the different types of gene 
action present in a species is needed for the development of an efficient 
breeding system. Such information can be obtained from an examination of 
the genetic variation which exists in a populstion. Parameters are chosen 
to characterize the genetic properties of the population being studied. 
Estimates of these parameters obtained by suitable experimental and 
statistical procedures allow inferences to be drawn about the relative 
magnitudes of the different types of gene action. 
Several different statistical procedures havq been used by the workers 
in this area. The most frequently used techniques have involved using 
the covariances among relatives as a means of partitioning the genotypic 
variance. The number of such covariances available in the mating design 
determines the maximum number of genetic parameters which can be estimated. 
To date, most of the work done has utilized.a mating design which controls 
only the parents of the individuals being studied. This type of mating 
design involves two covariances among relatives, namely, covariance of 
full-sibs and covariance of half-sibs. Thus most workers have been able 
to obtain estimates of only additive variance and dominance variance and 
have had to assume no epistasis. If this assumption is invalid, the 
estimates obtained will be biased and their usefulness impaired. 
If a mating system is employed which allows the control of ancestors 
in more than.one generation,, then the number of covariances among relatives 
increases and thus the number of genetic parameters which can be estimated 
is increased. ï^wlings and Cockerham (1962a) recently presented an analysis 
2 
for a mating system involving all possible three-way hybtids among a group 
of random inbred lines. With this mating design, nine covariances among 
relatives are present and six genetic parameters can be estimated. 
The present study utilized the analysis presented by Rawlings and 
Cockerham to estimate the genetic components of variance in a strain of 
the open-pollinated variety of maize, Krug Yellow Dept. An attempt also 
was made to determine the interaction of these genetic components of 
variance with environments. 
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REVIEW OF LITERATURE 
Partitioning of the Phenotypic Variation 
It is often convenient and meaningful to consider the phenotypic 
value of an individual as the sum of a hereditary or genotypic effect and 
an environmental deviation. Symbolically this is written as P p G + E + (GE) 
M 
where P = phenotypic value of the individual, G = genotypic effect, E is 
the environmental deviation due to the particular environment in which 
the individual was grown, and (GE) is the effect of the interaction between 
genotype and environment. If the components are%independent, the pheno­
typic variance among individuals of a population may be considered to 
2 2 
consist of the hereditary, (a^) the environmental (a^) and the interaction 
2 2 2 2 2 
variances (a^g) and can be partitioned as Op - Og + Og + cr^gg^. 
2 
Fisher (1918) partitioned the genotypic variance, cr^, into additive 
2 genetic variance, o^, due to average effects of genes in a least squares 
2 
sense, dominance variance, due to intra-allelic interactions, and 
epistatic variance, due to inter-allelic interactions. Fisher's 
consideration of epistasis was restricted to what he termed dual epistasis, 
that is, interaction between pairs of loci. Cockerham (1954) extended 
the treatment of epistatic variance. He considered a random mating 
population with an arbitrary number pf loci but only two alleles per locus, 
and partitioned the epistatic variance into the following components, 
2 2 2 2 2 2 
*I = ^ kA ^ °AD '^DD "AAA + "here is the total epistatic variance, 
2 2 
°AA additive by additive variance, is the dominance by dominance 
2 
variance, is the additive by dominance variance and so'on deperiding 
upon the number of loci under consideration. Kempthorne (1954) gave a 
4 
solution for the case of multiple alleles and an arbitrary number of loci. 
To estimate genetic variances, one must use some system of mating, 
referred to as the mating design, which controls the degree of relation­
ship among the progeny. These progeny are then grown in a set of environ­
mental conditions referred to as the environmental design. An analysis 
of the observations leads to estimates of components of variance. To 
interpret these components genetically, the components of variance of 
the design are usually expressed as covariances among the relatives in 
the mating design. 
Covariance among Relatives 
Fisher (1918) gave the theoretical expectations of the genotypic 
correlations between relatives in the case of a random mating population. 
He presented the correlations for parent-offspring, full-sib, uncle-
nephew, cousins and double first cousins in terms of the additive and 
dominance variance. 
Wright (1921) proposed the use of the method of path coefficients 
for the study of the genetic correlations among relatives in the case 
of no dominance or epistasis. Dominance was considered for some cases, 
but primarily, only the additive effects of the genes were considered. 
Malecot'. in 1948 (cited by Kecpthorne 1954 and 1957) gave a treat­
ment of the covariance between relatives for the case of random mating 
when there is one locus with arbitrary dominance amongst the alleles, of 
which there is an arbitrary number. The only restriction in Malédot'ë; 
work is that there is no inbreeding, that is, there is zero probability 
of any individual possessing two copies of the same gene in the original 
5 
random mating population. The covariance between two individuals X and 
(h *h 2 2 2 
Y was given as ^ ^  + 00' Op where is the additive genetic variance, 
2 Qjj is the dominance variance and 0 and 0' are measures of the relationship 
between the two individuals for the locus under consideration. The above 
formula can be used only in the particular case when and can be 
identified as genes contributed to individuals X and Y, respectively, 
on one chromosome and X^ and Y^ as genes contributed to X and Y on the 
other chromosome with no relationship between the two chromosomes 
received by X or by Y, i.e., when the sire genes, X^ and the dam genes 
Xj, are distinct sets. In this case, 0 = P(Xg = Y^) and 0' = P(Xj = Yj), 
where P(Xg = Y^) is the probability that genes X^ and Y^ are identical 
by descent. The more general result for the covariance between indivi­
duals X = (A^g and Y = (A^^ A^^) was given by Kempthorne (1957) 
as P((X^ . Y;) + P + P (X, = V + P (X/. + P (X, = 
Horner and Kempthorne (1955) determined the correlation between 
relatives in random mating populations for which.the gene effects were 
the same for all loci assuming only two alleles per locus and gene 
frequencies of one-half with no linkage. They also considered some of 
the classical epistatic models. 
Kempthorne (1957) considered the correlation between relatives 
derived from a random mating population by some regular system of 
inbreeding. 
The effects of linkage in studies of correlations between relatives 
generally have been assumed absent. Cockerham (1956b) studied the effects 
of linkage on the covariance between relatives in random mating populations 
6 
which are in linkage equilibrium. He assumed absence of position effects. 
Ancestral covariances were found to be unaffected by linkage; however, 
the covariances not involving ancestral relationships were affected. The 
effect of the linkages were found to increase the covariance but only in 
the coefficients of the epistatic components. Schnell (1963) found that 
some ancestral covariances also were affected by linkage, although in 
special cases the results obtained by Cockerham (1956b) hold. Schnell 
also states that linkage may affect the epistatic components of covariance 
between relatives even if the base population is in linkage equilibrium. 
Estimation Designs 
Mather (1949) partitioned the variance of populations derived from 
crossing and selfing an cross of two homozygous inbred lines. His 
analysis was based on the interpretation of means, variances and 
covariances, and he was able to determine the relative amounts of 
additive, dominance and environmental variance. By using populations 
derived from crossing two homozygous inbred lines, he had gene frequen­
cies of one-half. His methods were applicable for an arbitrary number of 
loci, with two alleles per locus. 
Comstock and Robinson (1948 and 1952) gave procedures for obtaining 
estimates of the genetic components of variance and the average level of , 
dominance. They considered a random mating population in linkage equili­
brium, arbitrary, number of loci with two alleles per locus and no 
epistasïs. The mating designs they presented have come to be known as 
Design I, Design II and Design III (see Comstock and Robinson,.1952). 
Design Ilinvolves biparental crosses among random plants within a 
7 
population. M male plants are each crossed to n females to produce mn 
progenies. Design II is a modification of Design I which involves making 
all the mn possible matings of m males and n females chosen at random 
from the population. This design has been found to be very useful for 
multiflowered plants and when working with inbred lines. It is difficult 
to use if the plants have only one pistillate flower per plant as do many 
varieties of corn. Design III involves backcrossing random or later 
generation plants to the two inbred parents which were crossed to form 
the original population. All three of these designs fall in the class of 
two-factor designs as classified by Cockerham (1963). This means that 
only the two parents are identified. Thus, two covariances between 
relatives are estimable, covariance of full-sibs and covariance of half-
sibs. 
The above designs have been used extensively to obtain estimates of 
the genetic components of variance in corn as well as in other species 
(see Gardner (1963) and Matzinger (1963) for comprehensive reviews). 
Robinson e^ aJL. (1949, 1955 and 1960) studied the nature of genetic 
variances in three southern open-pollinated varieties of corn. They 
found that the largest proportion of the total genetic variance in the 
varieties they studied was additive genetic variance. Williams et al. 
(1965) and Lindsey et aj.. (1962) worked with open-pollinated varieties 
of cornbelt maize. Williams et al. worked with two samples from an 
open-pollinated variety. In one sample, they found that additive genetic 
variance was considerably larger than dominance variance for all five 
characters studied. In the other sample, they got somewhat erratic 
results, but they indicated that the discrepancy might have been due to 
8 
high errors of estimation. Lindsey et al. also found that additive genetic 
variance was of major importance in the material with which they worked. 
Similar results have been obtained by Gardner and Lonnquist (1959) and 
Moll et £l. (1964) working with advanced generations of hybrids. 
Cackerham (1956a) outlined a procedure which could be used to detect 
the presence and estimate the relative amounts of epistatic variance in 
a population. The procedure presented utilized biparental or Design I 
crosses from non-inbred parents, diallel crosses from completely inbred 
parents, and their respective half-sib and full-sib covariances. He 
pointed out that the use of non-inbred and completely inbred parents from 
the population would make it possible to estimate more of the epistatic 
variance than any other levels of inbreeding. 
Eberhart et a_l. (1966) used the procedure outlined by Cockerham 
(1956a) to estimate the epistatic variance for seven characters in two 
open-pollinated varieties of corn. They found that the additive genetic 
variance accounted for the largest proportion of the total genetic variance 
for all characters studied in both varieties. They found no evidence of 
epistatic variance except possibly for yield in one variety. They dis­
cussed the effect that natural selection during the inbreeding process 
would have upon the estimates. 
Cockerham (1961) presented the covariances between pairs of relatives 
for single-cross, three-way and double-cross hybrids in terms of genetic 
variances. For single-crosses, there are only two types of relatives, 
since only the parents are identified, those with both lines common and 
those with one line common. Since the number of covariances available 
determine the number of genetic parameters which can be estimated, only 
9 
two can be estimated with single crosses. These are the additive genetic 
variance md the dominance variance and are the same ones which can be 
estimated with other two-factor designs. There are nine possible 
covariances between pairs of relatives in three-way hybrids where two 
of the grandparents are identified and eight possible for double crosses 
where all four grandparents are identified. This allows more genetic 
components of variance to be estimated than with the two-factor designs. 
Rawlings and Cockerham (1962a and b) derived the analysis of variance 
for a complete set of three-way or double cross hybrids. They presented 
the genetic interpretation of the analysis for a random set of inbred 
lines developed from an equilibrium population. 
All lines must have an equal although arbitrary degree of inbreeding 
for the analysis. They expressed the components of variance of the mating 
designs as functions of the components of genetic variance. For the 
analysis of three-way hybrids, they werg able to obtain estimates of 
specific components of genetic variance for any complexity of genetic 
model up to, and including three loci additive interaction effects; that 
2 2 2 
is they were able to fit any model up to and including cr^, + o-Q, + + 
2 ^ 2 2 
^AD ^DD ^AAA* 
Sprague and Tatum (1942) were the first to use the diallel cross 
(all single-cross combinations among a group of inbred lines) to obtain 
estimates of general and specific combining ability variances which they 
related to types of gene action. They found that for highly selected 
inbred lines the specific combining ability variance was relatively 
larger than that due to general ability. Thus, they concluded that 
dominance and epistaSis were more important than additive effects. When 
10 
the lines used were relatively unselected, the opposite was found to be 
true. 
Hayman (1954) and Griffing (1956) have extended the theory of the 
diallel analysis, and many workers %ave used it to extract information 
on the types of genetic variances present in crop species. 
As Cornstock and Moll (1963) point out, the effect of a genotype by 
environment interaction is to reduce the correlation between phenotype 
and genotype. They also pointed out the effect of genotype by environ­
ment interactions on the estimates of genetic variances derived from an 
experiment in one environment. The existence of a genotype by environment 
interaction would cause an over-estimation of the genetic variances in 
such an experiment. Another factor which may bias the estimates obtained 
is the usual assumption that locations and years are random when they 
are actually particular subsets of years and locations. Comstock and 
Moll (1963) showed that the bias in the interaction variance is equal to 
the covariance between genotype and the genotype by environment inter­
action. These covariances are equal to zero, if years and locations are 
random, but they may not be otherwise. 
Rojas and Sprague (1952) used all possible single crosses among two 
groups of inbred lines (one group composed of 10 and the other of 11 
lines) to estimate the various interaction components. They found that 
the variance component for the interactions involving specific combining 
ability and years or locations were consistently larger than the estimates 
of interactions between general combining ability and years or locations. 
They suggested that the variance for specific combining ability includes 
not only the non-additive deviations but also a considerable portion af 
u 
the genotype by environment interaction. Matzinger et al. (1959) using 
diallel crosses of ten random inbred lines from a synthetic variety of 
corn found significant interaction variances for general combining 
ability by years, general combining ability by years by locations and 
specific combining ability by location. Since general combining ability 
variance was small relative to specific combining ability variance, they 
concluded that the additive or general combining variance was more 
affected by genotype by environment interaction than was the non-additive 
or specific combining ability variance, 
Robinson and Moll (1959) calculated the family variance and the 
interaction variances of family by location, family by year and family 
by location by year for 60 half-sib families grown at five locations for 
five years. They found that the genotype by environment variance was one-
half the magnitude of the genetic variance. They presented othqr data 
which indicated that additive genetic variance by environment was much 
higher than was non-additive variance by environment. 
Hanson (1964) calculated the bias introduced when data collected at 
1 locations in each of y years was assumed to be frojn a random set of ly 
environments. He found in the case of corn where most of the estimates 
indicate that the second order interaction (genotype by year by,location) 
is much larger than either of the first order interactions (genotype by . 
location or genotype by year) that the bias is of little importance. If 
this is true, then such environments can be considered as random environ­
ments and the estimates of genetic variances and genotype by environment 
variance would be reliable. 
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Generation Means 
Wright (1922) showed that in th$ absence of epistasis the rate of 
decline in vigor with inbreeding should be proportional to the decline 
in heterozygosity regardless of the degree of dominance. Deviations from 
the expected relationship have been used to test for a lack of fit to a 
model which contained only additive and dominance effects. Sentz et £l. 
(1954) used five levels of heterozygpsis in corn populations derived 
from single crosses to study regression of performance on the degree of 
heterozygosis. The inbred lines and their F^, and ])ackcross genera­
tions were used to obtain expected heterozygosity levels from zero to 
100 percent. In general, a curvilinear rather than a linear relationship 
was obtained, indicating the presence of epistasis pr epistasis and 
linkage. 
Anderson and Kempthorne (1954) demonstrated that the means of various 
generations derived from two homozygous lines will have different degrees 
of inbreeding and can be used to estimate the relative importance of 
additive, dominance and epistatic genetic effects. Six generation means 
are used for their analysis. These are the two parents, F^, Fg and the 
two backcrosses of the F^ to the parents. Six parameters can be estimated 
using the factorial analysis. These were defined by Anderson-and Kempthorne 
as the mean effect, K2, the non-epistatic effects, E and F, and epistatic 
effects, G, L, and M, Hayman (1958) presented a model which also permitted 
the estimation of six parameters using the same six generation means 
suggested by Anderson and Kempthorne (1954). The parameters estimated 
are functions of additive, dominance and epistatic gene effects in addi­
13 
tion to the mean. Hayman (1958 and 1960) pointed out that in the presence 
of epistasis, the additive and dominance effects cannot be separated. He 
suggested that a model involving the mean, additive and dominance effects 
2 be fitted" first and tested with a % test. If there is no evidence to 
reject the model, epistasis may be assumed absent. If this model does not 
fit, a model including additive by additive, additive by dominance and 
dominance by dominance epistatic effects in addition to the parameters in 
the first model used should be tested. It is with this model that additive 
and dominance effects cannot be uniquely separated. 
Gamble (1962a and b) used a modification of the technique described 
by Anderson and Kempthorne (1954) to estimate genetic parameters in 15 
populations. The populations used represented all possible crosses among 
six elite inbreds. Additive, dominance and gigenic epistatic effects 
were found to be important in the inheritance of yield, ear diameter, 
seed weight, plant height, kernel-row number and ear length. Dominance 
effects for yield were considered to be of primary importance followed 
by various kinds of digenic epistatic effects. Additive effects were not 
found to be of great importance in most of the populations studied. 
Moll et £l. (1963) and Thompson et al. (1963) investigated the 
inheritance of resistance to brown spot (Physoderma maydis) of corn using 
generation mean analysis. Both sets of workers found that the additive 
effects made the major contribution to the genetic variability. 
Boling and Grogan (1965) studied the inheritance of resistance to 
Fusarium ear rot of corn using the generation mean approach. They found 
that additive, dominance and additive by dominance epistatic gene effects 
were important in the inheritance of resistance to this disease. 
14 
Bauman (1959) , Sprague e;b £l. (1962) and Gorsllne (1961) have demon­
strated the existence of significant amounts of epistasis in.highly 
selected inbred lines by comparing the yields among sets of hybrids which 
were balanced with regard to all intra-allelic interactions. 
Robiqson and Cockerham (1961) presented a procedure which can be 
used to detect the presence of epistatic gene action. The method relates 
performance to levels of heterozygosity that utilized two heterogeneous 
parents and later generations of the cross between the two. They used two 
open-pollinated varieties of corn, the Fg and F^ generations and the 
selfs of the parents and the F^ to obtain six levels of heterozygosity. 
A genetic model of additive and dominance gene effects fit the results 
satisfactorily. They indicated, however, that this did not rule out the 
possibility of epistasis since some types of epistasis do not cause 
appreciable deviations from the additive plus dominance model. 
15 
. MATERIALS AND METHODS 
Field Procedures 
The material used in this study was a group of unselected inbred 
lines isolated from a strain selected from the open-pollinated variety, 
Krug.Yellow Dent. The selected strain was developed by Dr. John Lonnquist 
(1949) of Nebraska and designated Krug High I Syn. III. It was developed 
from eight S^ lines selected on the basis of topcross yields. These 
eight lines were allowed to intercross in isolation. The first generation 
seed (Syn. I) was planted in isolation, and the better appearing 150 to 
200 plants were harvested to produce the Syn. II seed. The syn. Ill 
generatfbn, which was the original source of the inbred lines used in 
this srtxidy, was produced in a similar manner. 
Plants were selected at random in the Krug High I Syn. Ill population 
and seIfed in 1953. Sufficient seed was obtained on 97 plants for con­
tinuation in the program. In 1954, two selfed ears were saved from 63 
of the Sj^ progeny rows and one each from the remaining 34. After the Sg 
generation, the first.three plants in each progeny row were selfed, when­
ever possible, and the center one of the three saved to advance the line. 
This procedure was followed until 1961 at which time 98 lines remained 
representing 71 of the original 97 S^ plants. These had all been self-
pollinated for seven generations. 
The lines available in 1962 were randomly assigned to "sets" of six 
lines each. The only restriction was that two lines which traced to the 
same S^ plant were not both included in the same set. In the summer of 
1962 these inbreds were grown in the nursery and all possible single 
16 
crosses were produced within each set. A complete diallel set of crosses 
was obtained for 10 of the 16 sets. These 10 sets were composed of 60 
lines which traced back to 51 plants. In,1963 all possible three-way 
crosses within each set were made. The single cross was used as the seed 
parent whenever possible. Single-cross seed for the yield trials also 
was produced during the summer of 1963. 
Yield trials were planted at three locations, Ames, Ankeny and 
Kanawha, in both 1964 and 1965. Excessive wind damage at Ames and drought 
at Ankeny in 1964 caused these two experiments to be discarded. Each 
experiment consisted of 20 blocks, (two replications each of the ten sets) 
which were assigned at random to the experimental area. The 75 entries 
(60 three-ways and 15 single-crosses) were completely randomized within 
each block. A different randomization was used for each replication. 
Each plot consisted of 17 single-plant hills spaced Approximately 10 
inches apart within one row. All plots were over-planted and later 
thinned to the desired stand. -Missing hills were replanted with a purple 
marker stock to provide competition for the adjacent plants. Data were 
collected on the first 10 guarded plants in each plot if they were avail­
able. For all plots which had less than four guarded plants, a missing 
plot value was calculated according to Snedecor (1956, p. 310). 
Data were obtained for eight quantitative characters. Date of silk 
was recorded as the number of days from July 1 until 50% of the plants in 
a plot were silked. This attribute was measured in only one experiment, 
the one at Ames in 1965. Plant and ear height were measured to the 
nearest centimeter after anthesis. Plant height was recorded as the 
distance from the ground to the collar of the uppermost leaf. Ear height 
17-18 
was taken as the distance from the ground to the upper ear node. For 
yield and the different ear measurements, the ears were harvested and 
dried in a forced air dryer to uniform moisture. Occasionally, a plant 
produced more than one ear. In these cases, the ears were harvested and 
kept together during the drying process. The second ears from prolific 
plants were included in the measurement of yield and kernel weight but 
not in the measurements of ear characteristics. The number of kernel rows 
for each ear were counted close to the butt end of the ear. Grain yield 
was calculated as the weight of shelled grain in grams. A random sample 
of the bulk grain was taken and 300 kernels counted and weighted to the 
nearest decigram. 
Since the number of plants per plot varied, all attributes except 
date of silk and 300 kernel weight were placed on a per plant basis. 
Unweighted plot means were used for purposes of analysis. 
Statistical Procedures 
Diallei analysis 
The basic model for an experiment in which the treatments are single-
cross hybrids is: 
^ijk = U + r^ + 
where is the measurement on the single-cross hybrid i x j grown in 
the k^^ replication, ju is a contribution common to all entries, r^ is a 
contribution common to replicate k, is a contribution particular to 
the single cross i x j and e^j^ is a random deviation of the observation 
on the single-cross i x j grown in the k^^ replication. 
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The model can be extended by further defining the contribution due 
to the particular single-cross involved. This model, which is often 
referred to as the model for combining ability analysis or diallel analy­
sis model, is 
^ijk = * + + Bj ^ ®ij •*' ®ijk' 
where i, = 1, 2, ...p, i < j and where p refers to the number of lines 
used. 
In this case, u, r^^ and e^^j^ represent the same effects 
previously defined. The effect of the particular cross is further 
defined in terms of g^ which is a measure of the average effect of the 
i^^ line to all progeny-plus g^ which refers to the same effect for 
the line plus s^^ which is a measure of the average effect, of a cross 
of the i^^ line and the line. The g^'s are measures of general 
combining ability while the su^'s are measures of the deviation from an 
additive genetic model and are fgferred to as specific combining ability. 
Reciprocal crosses were assumed to be equal so only one-half of the 
diallel cross table is considered. 
Rojas (1951) considered the analysis of variance apd the estimation 
of variance components for the diallel mating design. The sums of squares 
obtained by the products of the estimation and the right hand sides of 
the normal equations with n = are as follows; 
20 
!L V = z - C; 
ij 
The analysis of variance and expected mean squares obtained by Rojas 
(1951) are given in Table 1. 
Table 1. Analysis of variance for single-cross hybrids in one environment 
with expected mean squares for general and specific combining 
ability 
Source of Sum of Mean Expected 
variation d.f. squares squares mean squares 
Replications r-1 R R' 
Crosses n-1 V V' 
g 's (g.c.a.) p-1 G G' + val + r(p-2)a^ 1 e s g 
s..'s (s.c.a.) S = V-G S' àl + ral ij A es
Error (r>l) (^-1) E = T-V-R E' 
Total rn-1 T 
2 
("e 
The sums of squares for replications, crosses and error are the 
ordinary least squares partitions for these effects using the basic 
model given and are orthogonal. The lines used must be chosen at random 
from some population since the g^'s are considered as a population of 
general combining ability values, and the s..'8 are considered as a 
21 
population of specific combining ability values. It must be assumed 
that the g^'s are normally and independently distributed (NID) with mean 
zero and variance af (NID) (0, af)> the s..'s are NID (0, a^), the e...'s 
g g IJ S IJK 
2 
are NID (0, cr^) and that ju and the r^/s are constants. For purposes of 
estimation, the assumption of normality is not required. However, it 
is required for tests of significance. Exact F-tests can be made to 
test the significance of the g^'s or the s^^'s. 
Kempthorne (1957) presented the expectations of the mean squares in 
terms of half-sib and full-sib relationships. These expectations are 
presented in Table 2. 
If one assuages epistasis to be zero, the following equations describe 
the covariance relationships of full-sibs, Cov(FS), and half-sibs, Cov(HS), 
in terms of genetic paremeters. 
Cov(HS) , 
Cov(FS) al-, (^) ^ 4 , 
where F is the coefficient of inbreeding of the individuals being studied. 
In this study, the inbred lines used were selfed seven generations 
prior to the time the crosses were made and thus F is assumed to be 
equal to one, therefore 
al = 2 Cov(HS) = 2 Sg 
and 
= Cov(FS) - 2 Cov(HS) = . 
2 2 
To solve for the variance components 0 and 0^, one must equate the 
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Table 2. Expectations of the mean squares for g.'s and s..'s in terms of 
half-sib and full-sib relationships ^ ^ 
Source of variation Expected mean squares 
g^'s (g.c.a.) Og + r[Cov(FS) - 2 Cov(HS)] + r (p-2) Cov(HS) 
s..'s (s.c.a.) al + r[Cov(FS) - 2 Cov(HS)] 
ij e 
2 
Error 
expected with the observed values and solve for the desired component. 
The estimates are obtained as follows, 
-2 G' - S' ^2 S' - E' 
""g ~ r(p-2) ' *8 - r 
Standard deviations can be calculated for the estimated variance 
2 2 2 2 
components a and a and thus for the estimates of a. and c; The general 
g s AD
formula presented by Snedecor (1956) is 
2 
V.r. (S^  = 
i c 
2,2 
where var. i = • Thus the variance of ^ 
d « X « s z 
„,2 „,2 1 
r s'2 E'2 1 
+ d.f.+2 " d.f.+2 
and the variance of 0 = .2 2 
S [r(p^2)r 
S' 
+ 
d.f.+2 d.f.+2_^ 
The standard deviation of these components is then the square-root 
of the variance. 
When general and specific combining ability variances are estimated 
from an experiment grown in only one environment, the estimates may be 
inflated by genotype by environment interactions. Repetitions of an 
experiment in several environments not only removes this possible source 
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of bias but affords the possibility of estimating the relative magnitude 
of their interactions with environments. 
For the purpose of this study, years and locations were both 
considered random, and the four environments in which the material was 
grown were considered to be a random sample of the possible environments. 
The model which was presented for an individual environment can 
easily be extended to include the effects of additional environments as 
follows: 
^ijkv = ^  + gj + + (8l)jy + (sl)ijv ®ijkv' 
where i;j= 1, 2, ...,p: i < j, and where u, g^, gj and s^^ represent the 
same effects described previously for one environment and 1^ is the 
average effect of the v^^ environment. The terms (gl)^^ and (gl)j^ 
are the average interaction effects of the general combining ability of 
the i^^ line and the line with the v^^ environment, and (sl)^^^ is 
the average interaction effect of the specific combining ability of the 
i^^ line crossed to the line with the v^^ environment. The estimate 
of the error variance was obtained by pooling the estimated errors from 
the individual environments. 
The sums of squares are obtained in a similar manner to that for one 
environment. The formulae are: 
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ï2 , 
L =  Z . . . I  - C; 
1 rn 
Y? 1 
With this information, it is easy to construct the analysis of 
variance as shown in Table 3. 
Table 3. Analysis of variance for single crosses grown in m environments 
Source of variation d.f. Sum of 
squares Mean squares 
Reps/environments m(r-l) R R' 
Environments m-1 L L' 
Crosses n-1 V V 
g.c.a. P-1 G g.c.a. 
s.c.a. P(p-3)/2 S s.c.a. 
Crosses x environment (n-1)(m-1) (VL) (VL)' 
g.c.a. X L (p-l)(mrl) (GL) g.c.a, X L 
s.c.a. X L [p(p-3)/2](m-l) (SL) s.c.a. X L 
Pooled error m(r-l)(n-1) E E' 
Since .the g^'s and s^^'s are orthogonal to the environments, the 
expected mean squares in Table 1 can be extended to include the inter­
actions with environment. They are given in Table 4. 
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Table 4. Expected mean squares for g.c.g. and s.c.a. and their interaction 
with environment 
Source of variation Expected mean squares 
G-C'S" cjg ^^s.c.a. X L c.a. x L 
+ r»°s.c.a. + :*(P-2)0g.c.a. 
*e + '*!.c.a. X L + ™°s.c.a. 
^ + z^s.c.a. X L ^^P"^)°g.c.a. x L 
2 2 
s.c.a. X L a + ro 
Error 
e s.c.a. X L 
2 
An examination of the expected mean squares shows, that exact F-
tests exist for tests of significance of the s.c.a.'s, the s.c.a's by 
environment and the g.c.a.'s by environment; but none exists for the 
g.c.a.'s. To obtain a test for significance of these effects, linear 
combinations of the mean squares must be formed in a manner such that 
the numerator and the denominator contain identical expectations except 
for the effect being tested in the numerator. The degrees of freedom for 
testing: can be calculated using the formula given by Snedecor (1956, 
P. 362). 
The expectations of the mean squares in terms of half-sib and 
full-sib relationships given in Table 2 are extended to include their 
interactions with environment in Table 5. 
The sape procedure as previously outlined is followed when solving 
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2 
for the variance components. To obtain an estimate of a one must 
g • c, a, 
form appropriate linear combinations of the mean squares. The estimates 
of the variance components are obtained as follows: 
a2 _ s.c.a.xL - E' 
^s.c.a.xL r ' 
a2 _ g.c.a.xL - S.c.a.xL 
Og.c.a.xL " r(p-2) ' 
^ _ s.c.a. - S.c.a.xL 
°s.c.a. ~ rl 
and 
^ _ g.c.a. + S.c.a.xL - g.c.a.xL - s.c.a. 
^g.c.a. - rl(p-2) 
To express the variance components in terms of genetic variances 
and their interactions, one follows the same procedure as givenu 
previously. Standard deviations may also be attached to the estimates 
in an. analogous manner. 
Table-5. Expectations of the mean squares in terms of half-aib and fuLl-
sib relationships;'for an experiment repeated in 1 environments 
Source of 
variation Expected mean squares 
g.c.a. 
2 
^e-
+ r[Cov(FS) - 2 Cov(HS) x Env.] + [r (p-2) Cov(HS) x Env.)] 
+ rl[ (Cov(FS) - 2 Cov(HS)] + rl (p-2) Cov(HS) 
s.c.a. 
2 
^e 
+ r[Cov(FS) - 2 Cov(HS) x Env.] + rl [Cov(FS) - 2 Gov (HS)] 
g.c.a.xL 
2 
^e 
+ r[Cov(FS) - 2 Cov(HS) x Env.] + r (p-2)[Cov(HS) x Env.] 
S.c.a.xL 
2 
^e 
r[Cov(FS) - 2 Cov(HS) x Env.] 
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Triallel analysis 
A three-yay hybrid, symbolized as (A.B) C, refers to the cross of an 
inbred line with an unrelated hybrid. The letters within the paren­
theses denote the lines which were crossed to form the single-cross 
parent, and the single letter after the parentheses denotes the inbred 
parent of the three-way cross. 
The analysis for a complete set of three-way hybrids from a set of 
p inbred lines was developed hy Rawlings and Cockerham (1962a) and 
designated as triallel analysis. 
The basic model for an experiment in which the treatments are three-
way hybrids is; 
*(ij)kv " G(ii)k + + ®(ij)kv 
where is the measurement obtained on the three-way hybrid (i x j)k 
grown in the replication, " is a contribution common to all entries, 
r is a contribution coomion to replication v, Gy.is a contribution » 
particular to the three-way cross (i x j)k and is a random 
deviation-of the observation on the three-way cross (i x JO k grown in 
replication V. 
The genotypic effect was further defined as a linear function 
of uncorrelated effects by Rawlings and Cockerham.(1962a). 
They showed that 
G(ij)k '*• V (*2ij + *2ik + *2jk) + ^®3ijk^ 
[9lk + ?l(i) + °l(j)l + (°2ak.i + 92aj.k 
®2aij^ ^®2b(k)i °2b(j)k^ ^°2jk.i^' 
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where 
= the average effect of line i averaged over all orders, 
Sg^j = the 2-line interaction effect of lines i and j appearing 
together averaged over all orders, 
S - . =  t h e  3 - l i n e  i n t e r a c t i o n  e f f e c t  o f  l i n e s  i ,  j  a n d  k  a p p e a r i n g  
together averaged over all orders, 
= the 1-line order effect of line k as a parent, 
Ol(ï) ~ 1-line order effect line i as a grandparent, 
On ^ • = the 2-line order interaction effect of lines i and k 
2ak.i 
averaged over the two orders (k-) i and (i-) k, 
0„ .. = the 2-line order interaction effect of : grandparent lines i 
and j due to the particular order (ij) -, 
^2b(i)k ~ 2-line order interaction effect of parent line k and 
grandparent line i due to the particular order (i-) k, and 
_ f-
3ij.k ,, = the 3-line order interaction effects of; parent line k and 
grandparent lines i and j due to the particular order 
The g^ effects are referred to as general effects, the s^ and 
as specific effects and the 0^, and 0^ effects as order effects. 
For purposes of estimation, the g^, Sg^j, ®(ij)kv effects must 
be assumed to be independently distributed with mean zero and variance 
2 2 2 2 
of cTg, a^2' cTg] Og, respectively. The additional assumption of 
normality is required if one wishes to allow for tests of hypotheses. 
The order effects sum to zero across all orders for each combination of 
lines. 
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The partitioning of the hybrid sum of squares follows from the linear 
modeTdefining the genotypic effects of a hybrid. The sums which are 
used in calculating the sums of squares in the analysis of variance and 
their identifications are as follows : 
^(ij)kv ~ phenotypic observation on the three-way cross (f x j) k 
grown in replication v, 
where v = 1, 2, ... r 
i) j> k = 1, 2j ...P) 
^(ij)k ~ ^ ^ (ij)kv ~ over replications of the three-way hybrid 
(i X j) k; , 
3 
= Z ^ (ij)k\' ~ sum of itheothree orders ofLhybrid involving the 
combination of lines i, j, and k; 
PCz ' 
Y,. .. = Z Y,..., = sum of all hybrids in which line i appears 
' k^j,i / 
as the inbred parent and line j appears in the single-cross 
parent; 
pc^ 
Y,... = z ,Y^.,v, = Sum of all hybrids in which lines i and j 
k/i,j ' 
appear in the single-cross parent; 
PC; 
Y,, = Z Y.,, = sum of all hybrids in which lines i and j appear 
1:-- k/ij, ijk-
in any order; 
P 
Y, v. = Z Y,..x. = sum of all hybrids in which line i appears as the 
j,k^i 
^pCi; = combination of p things taken i at a time. 
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inbred parent; 
P 2 
Y,. V = Z = sum,of all hybrids in which line i appears 
(1')'" j,k^i o 
in the single-cross parent; 
P 
Y. = L Y.., = sum of all hybrids in which line i appears; 
j,k^i ' 
ÎPCo 
Y = Z Y.. = grand total of all observations. 
' ij^k 
The analysis of variance and the various sums of squares as given 
by Rarrlings and Cockerham are shown in Table 6. 
The mean squares in the analysis are denoted by asterisks on the 
corresponding symbols for sums of squares. 
The sums of squares for replications, hybrids and error are the 
ordinary least squares partitions for these effects using the original 
model given in this section, and they are orthogonal. The partitions 
of the"hybrid sum of squares are also an orthogonal set. 
The expectations of the mean squares were also given by Rawlings 
and Cockerham and are shown in Table 7. 
The error mean square is a valid error term for testing all of the 
hybrid mean squares. The hypotheses being tested in this case however 
are the composite hypotheses that all genetic components of variance 
appearing in the respective mean squares are equal to zero. The sig­
nificance of the different variance components can be tested"by using 
various combinations of the mean squares as the numerator and denominator. 
The components of variance are expressed as functions of the 
components of genetic variance in Table 8. 
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Table 6. Analysis of variance of three-way hybrids compared in one 
environment 
Source of Mean 
variation d.f. Sum of squares squares 
' 
Correction term 1 C = j C* 
rpp^p^a 
2 ^2 
Replications (r-1) R = ' E Y -C R* 
v=l ••• 
1 ^^3 ^ 2 
Hybrids 3 pC_-l H =- Z Z Y,..., - C H* 
^ ^ i<j<k u j ;k . 
"4 
pCj 
3-line pp-P-/6 S_ =-^ Z Y^ , - C - G - S, 
specific ^ ^ i<j<k ' 
' ' 2pY °1 
o'^ der °l=3rp'p2 i ! 1 °1 
"3/2 «23 =érp^ fV)J. % 
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Table 6. (Continued) 
Source of Mean 
variation d.f. Sum of squares squares 
, PC. 
°h 
oriir'w ° :'P3 i<J 
• I » .  
orlT l<j<k - h °t 
°1 ' °2a " "21) 
Error (r-1) OpC^.^) E = M - R - H E* 
PC, 3 3 r ig 
Total 3r pC^ - 1 T = ^(ij)kv ' ^ T* 
Table 7. Expectations of the meanisquares of the triallel analysis 
Mean-
squares Expected mean squares 
2 2 2 2 
G* 0^ + 3rOg^ + Grpg + —g 
% " l *  Sf's, + 3'P4°S2 
°l "e + '•"O3 + + f "ôj 
°h °e + "•"L + ^ rpj c2 
°3 "e + ""L 
K« 
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Table-8. Components of variance as functions of the components of 
genetic variance 
Coefficient of component of genetic variance 
variance 
"4 •^4 ^4 '4A 
2 2/9 0 Î6 0 0 25/1152 
2 
'^2 
0 1 
9 
25/288 1 
16 
1/36 49/768 
2 0 0 0 1 
24 
1/24 3/64 
2 1/8 0 9 
64 
0 0 49/512 
2 
'02a 
0 1 
4 
1/32 9/64 1/16 3/64 
2 
"Ogb 
2 
'°3 
0 
0 
0 
0 
0 
0 
1/64 
1/32 
0 
1/8 
3/256 
0 
To obtain unbiased estimates of the variance components, one equates 
the expected with the observed values of the mean squares and solves for 
the desired component. The estimates of the variance components in the 
triallei analysis are obtained as follows: 
G* _ 3S*_+ 2S* 
®g - SrPjPj/a 
,2 S! - SS 
"s/ 3rp^ 
-2 11—1 
"83=—3; 
0Ï - i 0%, - 2 0%, + I 
a_ = 
of rppj/s 
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a2 2a ^3 
°°2a= 2rPl/3 
2 0* - E* 
= ; 
Standard deviations of the estimates can be calculated in an 
analogous manner to that described for the estimates of the variance 
components from the diallel analysis. 
Estimates of genetic components of variance may be obtained in 
either of two ways. One method is to use least squares analysis to 
solve for the genetic expectations of the estimated components of variance; 
the other possibility is to use the method of maximum likelihood. 
The analysis of variance of three-way hybrids, as presented by 
Rawlings and Cockerham, may easily be extended to include experiments 
grown in more than one environment. This is done by incorporating the 
effects of additional environments and the interaction effects in the 
model. The basic model for an experiment of this type repeated in several 
environments is 
^(ij)kmv - ^  ^(ij)k * ^ ^ v ^ (^^^(ij)km ®(ij)kmv' 
®(lj)k, 'v =(li)tanv same effects 
previously described. The average effect of the m^^ environment is 
represented by 1^ and the average interaction effect of the three-way 
hybrid (i x j) k with the m'^ environment is indicated by 
The partitioning of the genotypic effect and the 
interaction of the genotype with environments follows from the linear 
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function of the effects presented previously. The analysis of variance 
for a set of three-way hybrids grown in several environments is presented 
in Table 9. The expectations of the mean squares extended to cover the 
effect of interactions with.environments are given in Table 10. 
As indicated earlier, if one assumes that the effects are normally 
distributed tests of hypotheses can be made. Exact F-tests exist for 
some, but not all, of the components of variance. Approximate F-ratio 
tests can be constructed for the other components using the Satterthwaite 
approximation method presented by Snedecor (1956). 
To solve for the variance components, one equates the variance 
components with their expectations. The estimates are obtained as 
follows: 
2 G* - 3S* - (GL)* + 2S* + 3 (SgL)* - 2 (S^L)* 
\ = 3rlp2P3/ 2 ^ ' 
2 S* - S* - (SgD* + (SgL)* 
% ' • 
"'3 ^  3rl • 
J.2  ^ 0* - I - 2 0^  ^- (O^ L)* + |.o* + 2 + I (OjjD* - fCOjL)*. 
1 rlpp^/s 
2 "la - "3 - *2a^)* + ®3^'* 
% 
a o, 2a 
2rlp/3 
.2 Qfb - Qf - (02b^* + (O3IJ* 
*°2b = 2rlP3 
^2 - (O3L)* 
%3 = rl 
2 (GL)* - 3 (S2I)* + 2 (S3L)* 
^(gx:)" 3rp2P3/2 ' 
Table 9. Analysis of variance of three-way hybrids grown in m environments 
Source of 
variation d.f. 
2Y^ 
Sum of squares 
Mean 
squares 
Correction term 1 C = 
rmpp^pg 
Envi ronment s (m-1) 
m 2Y ^ 
Reps/env. 
Hybrids 
m(r-l) 
SpCg-l 
3PC3 
* ° i<j<k ^ 
H* 
1-line general p, 
3P, 
G = Z Y' 
^rmpgp^ i=l ^ P3 
G* 
2-line specific pp^/Z s - I "v' y' 2 " 3mp^ "ij... 
3Po 2p, 
3-line specific ppj^p^/ô 
1-line order 0, = 
P 
Z t2Y - Y,. 1 Srmppg (i.)... T 0* 
Table 9. (Continued) 
Source of Mean 
variation d.f. Sum of squares squares 
2-Une order (a) pp,/2 °2» = .)1.. + j.. 2a 
2-Une order (b) P1P2/2 '2b = 2Î^ ' '''(i.)J.J " 2^^ % 
1 2 1 2 
3-li„e order pp^p^/3 "3 = m " 3ÏÏ Jljk.. «*3 w 
- °r°2a"°2b 
1 » 2 
Hybrids x env. [3pC.-l)][A-l:l) (HL) =7 z E Y/.-s^ , - C - L (HL)* 
^ i<j<k 1=1 
p m , 3p, 3p 1 *^1 
C L-G (GL)* 
3 P3 
1-line general p, (m-1) (GL) = « Z;. Z Y , - — 
P2P3 i=l 1=1 P 
PPo 1 ^ ™ 2 2p_ 
2-line specific (m-1) (S L) = Z .Z, c - (GL) (S_L)* 
^4 i<j P4 P4 2 
- f£2 L - f£3 G - Sg 
P4 P4 
Table 9. (Continued) 
Source of 
variation d.f. 
PP.Pc 
3-line specific —7— (m-1) 
1-line order 
2-line order (a) 
PiP, 
2-line order (b) — (m-l) 
PP2P4 
3-line order _ '' (m-1) 
Pj^(m-l) 
^^3 (m-1) 
Sum of squares 
Mean 
squares 
i<Kk. 1=1 
- C - L - G-(GL) (S3L)* 
S; - (8,1) _ s, 
3rpp2 i=i " ^ Xi.)..l] " °1 (O^D* 
1 PCg m 
6rpi i^^l^(j.):i.l + ^(i.)j.l 
,2 2 Y 
^ * °2a 
w 
00 
^ ^2^ 2. [Y, Y,. 2rp3 Itl ' (j.)i.l (i.)j.l' 
3P2 3p2 
2^ «1 - ^  - °2b 
1 „2 
3pC3 m 2 
^ i<j:k ,1=1 ' ^ 
(OjbW-^ 
(O3L)* 
°1 " - °2a " ' °2b " ^ °2b^> ' ° 3  
Table 9. (Continued) 
Source of variation d.f. Sum of squares Mean squares 
Error m(r-l)[3 pCg E* 
3pC, 
Total mr 3pC 3-1 
T = 
m 
E 
i<j<k 1=1 V=1 (ij)kvl 
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Table 10. Expectation of the mean squares in the triallel analysis and 
their interactions with environment 
Mean 
square Expected mean squares 
G- = 4 + "(S^XL) ^  °U) 
Sr&PiPt 2 
^ = " 1 *  ^ '"(SjXL) + 3rl + irp^ + 3rlp^ 
° t  -  " e *  '  "(OjxL) *  "oj SrPz "(oj^ xl) * + "3 "(Oj^ xL) 
2 2 
" 3 Sa * 3 " 3 "°l 
2  2  , 2  ^" ^ 1  2  2 r l P j  2  
°ia = °e + ' "(OjXL) + + ~ "(o^^xL) + T" o.,, 
% = ' "(OjXL) + :rP3 "Ij^xD + :rlP3 
°3 = 4 "(OjXL) + "03 
(GL). = 4 . 3r . 6rP3 + ^  '(gxl) 
(SjD* . al * 3r + Srp^ 
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Table 10. (Continued) 
Mean square Expected mean square 
(S3L)* = Og + 3r 
2 2 2 rp 2 ^^^2 2 
(O^L)* = Og + r ^rPg ^(og^xL) 3 ^(OggXL) T~ ^(o^xL) 
2 2 ^^^1 2 
(°2at)* = Ce + r ^(03x1) + ~ ^(OggXL) 
= *e + r CfOgXL) + 2rp3 
(O3L)* = Gg + r a(,^xL) 
E* = 4 
2 (SgL)* - (S3L)* 
^(Sgxl) ^  3rp^ ' 
2 (S3L)* - E* 
^(83x1) = 37 ' ' 
2 (O^L)* - I (OggL)* - 2(02%%)* +1 (O3L)* 
^(oj^xl) ~ rppg/S 
2 (OggL)* - (O3L)* 
S(o2,xl) = 27F^73 ' 
(Og.L)* - (0 L) 
- — and 
0(o2yXl) ~ 2rp3 
5 „ (0.L)* - E* 
' r 
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Estimâtes of the genetic components of variance for the combined 
analysis are obtained in the same manner as was outlined for the basic 
analysis using the expectations given in Table 8. An estimate of the 
interaction of each genetic component of variance with the environment 
also can be obtained in the same manner. 
Treatment of the Data 
The 60 inbred lines used in this study were randomly assigned"" 
to sets of six lines each. All possible single crosses and three-way 
crosses within each set were made and grown in four environments. 
The single crosses within each set were analyzed for each character 
using the diallel analysis described. The combining ability variance 
components were tested for significance using the appropriate F-tests. 
Any variance component which when tested was non-significant was assumed 
to equal zero when choosing the denominator for an F-test. For example, 
2 if the F-test indicated that was non-significant, the error mean 
2 
square was used as the denominator when testing afor significance. 
2 
It is realized that if was not actually zero this is a liberal test; 
so caution should be used in interpreting the significance of the variance 
components in the diallel analyses. When no exact F-test was available, 
approximate F-tests and degrees of freedom were calculated using the 
method outlined by Sne^ecor (1956). 
After analyzing each set, the sums of squares and degrees of freedom 
were pooled across sets. Tests of significance were again made in the 
manner previously described. The estimates of additive genetic variance 
and dominance variance were calculated from the appropriate variance 
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components from the pooled analyses for each character studied. In 
addition, these-same parameters vere estimated for each set for one 
character,, yield. 
The main objective of this study was to obtain estimates of the 
genetic variances in à strain of the population, Krug Yellow Pent. By 
pooling the analyses across sets, a better sample of the population was 
available for estimating these parameters. The material was assigned to 
sets to keep the total number of hybrids to a manageable number, and also 
so that block size could be kept smaller and hopefully allow more control 
of the environmental variation. 
The three-way hybrids were treated in a similar manner to that 
described for the single crosses. Each set was analyzed, the significance 
of the variance components determined and then the information was pooled 
across sets. 
The general formulas used to obtain estimates of the components of 
variance were given previously. In some cases, the estimates were 
negative. These were assumed to be estimates of zero, and zero was used 
as the value for this component in any further operations. No mean square 
from which a negative estimate was obtained for a component was used in 
solving for other components. 
The componentscof variance and their expectations as functions of 
2 2 2 2 2 2 
the genetic parameters, a^, and 0^ given in Table 8, 
were used to obtain estimates of the genetic parameters by the use of 
matrix inversion. If one expresses Table 8 in the following manner, X B = 
Y, where the x's are the expectations, the B's are the unknown genetic 
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,parameters and the y's are the observed values of the components of variance, 
unique solutions can be obtained for the unknown genetic parameters. In 
matrix form, the model would be as follows: 
X 
2 
9 
1 
8 
1 
9 
1 
4 
16 
25 
288 
0 
9 
64 
1 
32 
1^ 
16 
24 
9_ 
64 
1 
64 
l_ 
32 
36 
24 
1 
16 
1 
8 
25 
1152 
49 
768 
3_ 
64 
49 
512 
3_ 
64 
3 
256 
1  
°AA 
2 
^AD 
TD 
°AAA 
/ N 
g 
2 a 
a. 
'2b 
As shown, the matrix cannot be inverted since it is not a square 
matrix. It was transformed to a square matrix using the technique 
presented'by Kempthorne (1952). 
Estimates of these genetic parameters were calculated for all 
characters studied using the pooled data. In addition, these same 
estimates were calculated for each set for yield and the interaction of 
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eaeh genetic variance with the environment was estimated for yield. An 
examination of the analyses for the other characters indicated that only 
the additive genetic variance was interacting with the environment to any 
appreciable extent so these estimates were not calculated. 
The genetic parameters estimated from.the three-way hybrid" data also 
were estimated using the combined information available from the single 
and three-way hybrids for all attributes except date of silk. This was 
done in an analogous manner to that described earlier. The only change 
2 2 
was adding: the expectations of a and a from the diallel analysis g.c.a. s.c.a. 
2 2 
to the matrix and adding a and a to the Y matrix. In matrix 
g.c.a. s.c.a. 
notation, the equations would be as follows: 
B 
1 
2 
2 
9 
1 
4 
1 
2 
16 
1 
8 
3 
4 
25 
1152 
D 
2 
^AA 
g.c.a. 
%2 
s.c.a, 
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0 
1 
4 
l_ 
32 
0 
9 
64 
1 
64 
1_ 
32 
l_ 
16 
1 
8 
3 
64 
_3_ 
256 
^2 
°°2a 
°2b 
^ °3 , 
2 2 
where a and a refer to values from the diallel analysis. 
g # c * a. s, c « a * 
Five different models were fitted.to the observed variance-components 
in all cases. The five models were as follows: 
1 2 1. 0  ^
. 2 2 .  
3. 4 
4. <,2 
2 2 
*0 + *AA + 
2 2 
^AD '^DD 
2 
"*• ^AAA' 
2 2 ^ 
°D + ^ AA + 
2 
^AAA' 
2 ^ 2 
(^AA ^AAA' 
2 
Cjj and 
5. 
No attempt was made to examine the possible significance of the 
different components estimated using this method. The different models 
were fitted to gain some idea as to the bias caused by assuming epistasis 
2 2 
equal to zero and estimating only and Op. 
47 
EXPERIMENTAL RESULTS 
Mean values for each character for the single-crqsses and three-way 
crosses in each environment and for the four environments combined are 
given in Tables 11-17 for each set of lines. The means of the three-way 
hybrids were slightly higher than the means of the single-crosses in the 
combined data from all sets and all environments for all characters 
studied. 
•An examination of the means in Tables 11-17 shows that the four 
envircraments were quite different. Experiments 97a and 97b were grown at 
Kanawha in 1964 and 1965, respectively. Experiments 95 and. 96 were grown 
at Ames and Ankeny, respectively, in 1965, The yields in the different 
environments indicate that conditions were more favorable at Kanawha in 
both 1964 and 1965 than at either of the other locations. Moisture Stress 
at Ames and Ankeny in 1965 reduced yields in these environments. Growing 
conditions were favorable at Ankeny early in the season as indicated by 
the plant height in this environment, but moisture stress during the grain 
filling period limited yields. 
The pertinent mean squares from the combined diallel analyses are 
given in Tables 18-25 for the eight characters studied. These analyses 
are based upon pooled data from the ten sets. The analyses of variance 
for each character in eèch set are given in the appendix. F-values were 
calculated to test the significance of deviations of the variance 
components from zero. 
General combining.ability (g.c.a.) is a function of the additive 
effects of genes and the additive type epistatic effects, whereas specific 
48 
combining ability (s.c.a.) is a function of the non-additive effects, 
dominance and epistasis. The g.c.a. and s.c.a. components were both 
significantly different from zero at the 1% level of probability for all 
characters measured, indicating that both additive and non-additive 
genetic effects are important in the inheritance of these attributes. 
The specific combining ability by environment component (s.c.a. 
X L) was significantly different from zero at the 1% level of probability 
for ear length and 300 kernel weight and at the 5% level of probability 
for kernel row number. The component for general combining ability by 
environment (g.c.a. x L) was significantly different from zero at the 1% 
level of probability for all characters measured except kernel row number. 
The greater interaction between g.c.a. and environment indicates that the 
additive effects or the additive type epistatic effects tend to be in­
fluenced" more by environments than do the non-additive effects. Date of 
silk was measured in only one environment so no information is available 
on the interaction of this character with environment. 
2 
Estimates of the additive genetic variance, cr^, and dominance variance, 
2 
a^, and their standard errors were calculated from the variance components 
of the diallel analyses for all characters and are given in Table 26. If 
the estimates are normally distributed, the confidence interval for the 95% 
level of probability would be bounded by + 2 standard errors of the 
2 2 
estimate. The estimates of and 0^ all exceeded twice the standard 
errors of the estimates and thus are considered as being significantly 
2 2 
greater than zero. The estimates of 0^ exceeded the estimate of for all 
2 
characters by more than twice the standard error of o^. The estimates for 
date of silk may be biased since this attribute was measured in only one 
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2 2 
environment and the estimates of and will contain the interaction 
2 2 
variances ^ and respectively. 
Mean squares from the combined diallel analyses of yield are given 
in Table 27 for each set. F values were calculated to test the significance 
of deviations of the variance components from zero. The F-tests indicated 
that s.c.a." was significantly different from zero in six of the sets, in 
five at the 1% level of probability and at the 5% level in the other one. 
In three sets, g.c.a. deviated significantly from zero at the 5% level of 
probability. The interaction component s.c.a. x L was significantly 
different from zero for only one of the ten sets. The g.c.a. x L component 
was significantly different from zero for three sets, in two at the 1% 
level of probability and in one at the 5% level. 
2 2 
Estimates of and for yield were calculated from the diallel 
analyses for each set and are given in Table 28. In no case do the 
2 
estimates exceed twice their standard errors. The estimates of are 
2 larger than the estimates of in seven of the ten sets. The estimates 
are extremely variable, with some being negative, indicating the samples 
from which they were obtained were too small to adequately sample the 
population. 
The mean squares from the combined analyses of variance of three-way 
hybrids are given for each character in Tables 29-36. The analysis given 
for each character was obtained by pooling the analyses from the ten sets. 
The analyses for each set are given in the appendix. F values were 
calculated to test the significance of the deviations of the components 
of variance from zero. In reporting and discussing the results, a component 
of variance will be designated by the small case letter of the symbol for 
Table 11. . Mean plant height (csm) for all single crosses (S-C) and three-way crosses (3-W) in each 
set, in each environment 
Experiment 
97a 95 96 97b Average 
Set S-C 3^W S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
01 212.2 212.4 199.8 203.8 225.0 224.7 211.8 212.3 212.2 213.3 
02 208.4 208.2 199.5 199.3 223.7 222.6 210.8 211.4 210.7 210.4 
03 203.7 209.4 204.2 206.9 219.0 222.4 210.1 210.6 209.5 Z12.3 
04 224.4 222v4 223.6 224.4 238.8 236.4 231.9 229.7 229.7 228.2 
05 209.1 205 .0 198.0 197.9 212.8 212.1 205.3 204.1 206.3 204 .8 
06 212.4 210.8 205.1 205.7 223.1 223,1 215.5 215.6 214.0 213.8 
07 234.8 236.5 218.6 221.4 228.8 230.9 224.6 224.9 226.7 228.4 
08 208.4 210.3. 203.1 206.1 224.7 224.8 209.0 211.0 211.3 213.0 
09 220.7 222.9 211.0 215.8 232.1 234.5 225.1 227.0 222.2 225.0 
10 212.0 211.1 197.7 200.0 215.9 215.2 214.0 214.4 209.9 209.6 
Average 214.6 214.9 206.1 208.1 224.4 224.7 215.8 215.9 215.3 215.9 
Table 12. Mean ear height (cms) for all single crosses (S-G) and three-way crosses (3-W) in each set 
in each environment 
Experiment 
97a 95 96 97b Average 
Set S-C .3^W S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
01 113.9 113.2 102.4 104.2 120.1 121.9 107.4 107.4 111.0 111.7 
02 106.8 105.9 96.3 96.3 116.1 115.3 100.5 102.5 104.8 105.0 
03 116.8 113.3 108.3 110.5 122.9 125.2 112.5 114.2 114.2 116.7 
04 123.0 123.8 118.2 116.9 131.3 128.8 126.5 122.6 125.0 122.9 
05 108.0 104.9 98.7 97.4 108.1 107.1 99.6 97.6 103.8 101.8 
06 110.4 109.8 104.7 103.5 118.5 117.3 110.3 109.3 111.0 110.0 
07 122.9 123.4 110.1 111.4 118.5 120.6 112.5 112.9 116.0 117.1 
08 102.9 104.2 95.2 997.1 114.0 115.2 101.4 103.6 103.4 105.0 
09 116.3 119.4 108.5 112.3 124.0 127.9 117.7 119.0 116.6 119.7 
10 109.2 107.9 98.0 100.4 111.5 112.1 105.3 105.4 106.0 106.4 
Average 113.0 112.6 104.0 105.0 118.5 119.1 109.4 109.4 111.2 111.6 
Table 13. • Mean ear length (cms) for all single crosses (S;-©.) and three-way crosses (3-W) in each set 
in each environment 
Experiment 
97a 95 96 97b Average 
Set S-C 3-W S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
01 
i 
17.7 17.7 16.9 16.9 17.1 17.0 17.6 17.7 17.3 17.3 
02 ' 16.8 17.0 17.1 17.0 16.0 16.4 17.9 17.8 16.9 17.0 
03 16.6 17.1 16.4 16.7 16.7 17.0 16.8 17.0 16.6 17.0 
04 18.1 18.0 17.3 17.9 17.1 17.2 17.4 18.0 17.5 17.8 
05 17.8 17.6 17.2 17.0 16.7 17.3 18.2 18.1 17.5 17.5 
06 18.6 18.8 17.8 18.1 17.6 18.0 19.0 19.2 18.3 18.5 
07 13.3 17.2 16.7 16.6 15.8 16.0 17.5 17.4 16.8 16.8 
08 16.4 16.2 15.5 15.6 16,0 15.6 16.8 16.8 16.2 16.1 
09 16.4 16.6 16.4 16.7 15.9 16.0 16.8 16.9 16.4 16.5 
10 17.6 17.3 17.3 17.3 17.0 16.7 17.6 17.5 17.4 17.2 
Average 17.3 17.4 16.9 17.0 16,6 16.7 17.6 17.6 17.1 17.2 
Table 14. Mean ear diameter (cms) for all single crosses (S-C) and three-way crosses (3-W) in each set 
in each environment 
Experiment 
97a 95 96 9gb Average 
Set S-C 3-W S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
01 4.67 4.69 4.48 4.54 4.36 4.40 4.72 4.70 4.56 4.58 
02 4.78 4.73 4.64 4.68 4.42 4.46 4.87 4.87 4.67 4.69 
03 4.87 4.92 4.78 4.83 4.75 4.81 4.88 4.90 4.82 4.86 
04 5.01 4.97 4.92 4.93 4.71 4.67 4.96 4.97 4.90 4.89 
05 C91 4.91 4.65 4.63 4.62 4.65 4.86 4.83 4.76 4,76 
06 4.68 4.71 4.58 4.59 4.43 4.44 4.72 4.72 4.60 4.62 
07 4.88 4.87 4.68 4.69 4.54 4.58 4.85 4.84 4.74 4.74 
08 4.94 4.94 4.67 4.73 4.83 4.75 4.91 4.94 4.84 4.84 
09 4.96 4.96 4.76 4.85 4.68 4.73 4.93 4.95 4.84 4.87 
10 4.78 4.72 4.52 4.58 4.44 4.42 4.67 4.68 4.60 4.60 
Average 4.85 4.84 4.67 4.70 4.58 4.59 4.94 4.94 4.73 4.74 
Table 15. Mean kernel row number for all single crosses (S-C) and all three-way crosses (3-if) in each 
set in each environment 
Experiment 
9?a 95 96 97b Average 
Set S-C 3-W S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
01 17.9 18.2 17.9? 18.1 18.0 18.0 18.3 18.3 18.0 18.2 
02 17.2 17.5 17.5 17.7 17.6 17.8 17.8 18.0 17.5 17.8 
03 15.6 15.5 15.6 15.8 15.8 15.8 15.6 15.6 15.7 15.7 
04 18.8 18.7 19.0 . 18.9 19.2 19.4 18.9 19.0 19.0 19.0 
05 18.8 18.6 18.4 18.4 18.6 18.6 18.5 18.3 18.6 18.5 
06 16.7 16.8 16.4 16.8 16.8 17.1 16.8 17.1 16.7 16.9 
07 18.1 17.8 17.5 17.7 17.5 17.5 17.8 17.6 17.7 17.6 
08 17.5 17.4 17.5 17.6 17.9 17.8 17.8 17.9 ] 17:7 17.7 
09 17.8 17.8 18.1 18.1 18.4 18.4 18.2 18.3 18.1 18.1 
10 17.0 17.2 17.2 17.1 17.1 17.1 17.0 17.2 17.1 17.2 
Average 17.5 17.6 17.5 17.6 17.7 17.8 17.7 17.7 17.6 17.Z 
Table 16. Mean 300 kernel weight (gms) for all single crosses (S-C) and all three-way crosses (3-W) 
in each set in each environment 
Experiment 
97a 95 96 97b Average 
Set S-C .3^W S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
01 77.5 77.5 72.5 72.8 59.1 62.3 72.2 71.0 70.3 70.9 
02 71.4 70.7 65.7 64.4 53.8 54.0 68.8 68.5 64.9 64.4 
03 90.5 91.2 86.0 84.6 77.9 79.1 84.2 83.8 84.6 84.7 
04 80.9 81.8 77.2 79.9 63.0 63.3 73.0 74.6 73.5 74.9 
05 77.2 77.4 69.4 69.4 64.8 64.2 69.7 69.8 70.3 70.2 
06 81.6 84.5 79.3 80.4 69.0 69.5 72.5 74.1 75.6 77.1 
07 85.0 84.0 82.9 80.8 69.9 70.1 75.2 75.3 78.3 77.5 
08 91.0 89.6 82.4 81.9 73.0 71.7 82.5 82.0 82.2 81.3 
09 84.3 85.6 78.3 79.9 68.8 69.3 75.3 74.3 76.7 77.3 
10 81.6 83.4 75.4 78.5 65.0 65.8 75.0 76.4 74.3 76.0 
Average 82.1 82.6 76.9 77.3 66.4 66.9 74.8 75.0 75.1 75.4 
1 
Table 17. Mean yield (gms per plant) for all single crosses (S-6) and all three-way crosses (3-1^ 
in each set in each environment 
Experiment 
97a 95 96 97b Average 
Set s-c 3-W S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
01 158.5 151.2 136.0 140.8 115.9 118.8 165.2 160.7 143.9 142.9 
02 122.9 135.8 123.7 . 132.0 104.4 109.4 161.6 158.2 131.4 133.8 
03 149,1 157.2 169.0 151.5 149.8 156.7 154.1 158.7 155.5 156.0 
04 175.2 169.7 164.3 173.1 134.3 130.1 169.6 177.0 160.8 162.5 
05 150.3 151.8 136.9 137.0 129.8 135.5 161.2: 158.0 144.6 145.5 
06 152.7 153.2 141.3 145.8 121.0 124.6 159.9 162.4 143.7 146.5 
07 .155.7 158.0 141.5 142.1 109.4 120.9 155.7 161.7 140.6 145.7 
08 149.0 150.8 133.9 136.2 141.4 129.1 159.1 160.3 145.9 144.1 
09 145.9 155.0 146.9 156,1 125.0 131.7 157.3 162.6 143.8 151.4 
10 153.9 157.3 139.2 147.7 119.3 119.5 156.9 157.8 142.3 145.6 
Average 151.3 154.0 143.3 146.2 125.0 127.6 160.1 161.7 145.2 147.4 
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Table 18. Combined analysis 
hybrids from all 
of variance for plant height of single-cross 
ten sets grown in four environments 
Source of 
variation d.f. Mean square; 
Crosses 140 944.53** 
g.c.a 50 2133.77** 
s.c.a. 90 283.83** 
Crosses X environment 420 47.49* 
g.c.a. X L 150 63.81** 
s.c.a. X L 270 38.44 
Pooled" error 560 38.37 
*In this table and all hereafter, indicates that F-value exceeds 
the 5% level of probability. 
**In this table and all hereafter,,indicates F-value exceeds 1% level 
of probability. 
Table 19. Combined analysis of variance for ear height of single-cross 
hybrids from all ten sets grown in four environments 
Source of 
variation d.f. Mean square 
Crosses 140 1073.19** 
g.c.a. 50 2607.19** 
s.c.a. 90 220.97** 
Crosses x environment 420 32.49** 
g.c.a. X L 150 44.73** 
s.c.a. X L 270 25.69 
Pooled error 560 23.67 
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Table 20. Combined analysis of variance for ear length of single-cross 
hybrids from all ten sets grown in four environments 
Source of 
variation d.f. Mean square 
Crosses 140 10.33** 
g.c.a. 50 21.47** 
s.c.a. 90 4.14** 
Crosses X environment 420 1.51** 
g.c.a. X L 150 1.96** 
s.c.a. X L 270 1.25** 
Pooled error 560 0.94 
Table 21. Combined analysis of variance for ear diameter of single-cross 
hybrids from all ten sets grown in four environments 
Source of 
variation d.f. Mean square 
Crosses 
g.c.a. 
s.c.a. 
Crosses x environment 
g.c.a. X L 
s.c.a. X L 
Pooled error 
140 
50 
90 
420 
150 
270 
560 
0.3469** 
0.7886** 
0.1016** 
0.0432** 
0,0580** 
0.0351 
0.0336 
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Table 22. Combined analysis of variance for kernel row number of single-
cross hybrids from all ten sets grown in four environments" 
Source of 
variation d.f. Mean square 
Crosses 140 16.59** 
&.c.a. 50 41.44** 
s.c.a. 90 2.79** 
Crosses x environment 420 0.52** 
g.c.a. X L 150 0.57 
s.c.a. X L 270 0.49* 
Pooled error 560 0.40 
Table 23. Combined analysis of variance for 300 kernel weight of single-
cross hybrids from all ten sets grown in four environments 
Source of 
variation d.f. Mean square 
Crosses 140 473.15** 
g.c.a. 50 1160.39** 
s.c.a. 90 91.35** 
Crosses x environment 420 56.99** . 
g.c.a. X L 150 88.36** 
s.c.a. X L 270 39.56** 
Pooled error 560 26.14 
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Table 24. Combined analysis of variance for yield of single-cross hybrids 
from all ten sets grown in four environments 
Source of 
variation d.f. Mean square 
Crosses 140 2307,04** 
g.c.a. 50 4303.90&* 
s.c.a. 90 1197.64** 
Crosses X environment 420 601.50** 
g.c.a. X L 150 746.66** 
s.c.a. X L 270 520.84 
Pooled error 560 397.01 
Table 25. Combined analysis of variance for date of silk of single-cross 
hybrids from all ten sets obtained in one environment 
Source of 
variation d.f. Mean square 
Crosses 140 10.10** 
g.c.a. 50 24.30** 
CO
 
n
 0)
 
90 2.21** 
Pooled errox 150 1.18 
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Table 26. Estimates of the additive genetic variance (cr.) and dominance 
2 
variance (a^) and their standard errors estimated from pooled 
data from single-cross hybrids in all sets and environments 
2 ; 
Character oj 
Plant height 114.02 + 26.29 30.67 + 5.52 
Ear height 147.94 + 32.02 24.41 • +  4.08 
Ear length 1.04 + 0.266 0.36 + 0.078 
Ear diameter 0.0416 + 0.0098 0.0083 •  +  0.0020 
Kernel row number 2.42 + 0.5081 0.29 + 0.052 
300 kernel weight 63.76 + 14.25 6.47 + 1.74 
Yield 162.54 + 53.03 53.62 + 24.62 
Date silk® 5.52 ± 0.50 0.52 + 0.031 
^Date of silk was measured in only one environment. 
the appropriate mean square. The interaction components will be desig­
nated by the small case letter of fhe symbol x L. 
The triallel analyses for the different characters all follow the 
same trend. Individual characters will not be reported independently. 
The general trend will be reported, and any deviations for specific 
characters will be pointed.out. All characters measured gave an indica­
tion, of significant amounts of both additive and non-additive genetic 
effects. Significant deviations from.zero were detected at the 1% level 
of probability for both components, g^ and o^, which are functions of 
additive gene effects and additive type epistatlc effects. Significant 
amounts of dominance or epistatlc effects were indicated by the significant 
Table 27. Diallel analysis of yield data obtained for each set in four environments 
Source of 
variation d.f. Mean squares 
Set 01 02 03 04 05 
Crosses 14 1892.79** 1986.81** 1806.69** 2026.01** 2076.42** 
g.c.a. 5 2942.10 3060.62 2336.56** 3526.96 4008.61" 
s^c.a. 9 1309.83** 1390.25** 1511.87** 1191.59** 1002.98** 
Crosses x env. 42 394.68 510.29 816.09* 588.72* 474.34** 
g.c.a. X L 15 565.97 722.67 1103.02* 736.82* 708.67** 
s.c.a. X L 27 299.52 392.30 656,70 506.45 344.05 
Error 56 347.37 421,18 451.13 359.09 233.73 
Set 06 07 08 09 10 
Crosses 14 1831.95** 1090.65* 6657.70** 1749.82** 1951.62** 
g.c.a. 5 1776.76 1889.45* 15188.30 3231.38* 5077.23* 
s.c.a. 9 1862.62** 646.88 1918.47 926.73* 215.17 
Crosses x env. 42 555.90 536.85 1134.14** 362.65 641.33** 
g.c.a. X L 15 602.52 440.90 1374.81 287.82 923.45**-
s.c.a. X L 27 530.00 590.16 1000.44** 404.22 484.59 
Error 56 529.76 534.08 355.98 422.17 325.60 
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Table 28, Estimates of the additive genetic variance (&.) and dominance 
2 
variance (a^) and their standard errors for yield in the ten 
sets estimated from single-cross hybrids grown in four environments 
_ 2 ^ 2 
Set 0^ ap 
•  '  •  I I  I  H  I  I  . 1 1  I  I  •  
01 88.36+105.01 120.31+ 69.85 
02 85.56+109.96 121.13 + 74.74 
03 23.62 + 45.09 106.99 + 82.07 
04 131,62 + 123.36 85.64 + 65.96 
05 165.06 + 137.53 82.37+ 54.71 
06 -9.90 + 78.92 166.58 + 100.74 
07 77.66+ 66.83 7.09+ 39.49 
08 805.96 + 511.21 114.75 + 107.53 
09 144.04 + 110.75 63.07+ 50.32 
10 259.02 + 171,05 -33.67+ 19.61 
deviations from.zero of s^ and Og^ for all characters except yield. For 
yield Og^ was significantly different from zero but Sg was not. Epistatic 
effects also were found to be significant for all characters. The 
component Og was significantly different from.zero for all characters and 
Sg was significantly different from zero for plant height, ear height, ear 
length and yield. 
For all characters the interaction between one line general (g x L) 
and environment was significantly different from zero at the 1% level of 
probability. The deviation of o^ x L from zero also was significant at 
the 1 % level of probability for all characters except yield and plant height. 
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The components and o^ are functions of additive genetic effects and 
additive type epistatic effects. The significant interaction of these 
components with the environment indicates that the additive effects of 
genes are not consistent across environments. For all characters except 
ear height and kernel row number the interaction between s^ and environment 
or Ogg and environment or both were significantly different from zero. The 
components s^ and are functions of dominance and epistatic effects. 
Their significant interaction with the environment indicates that these 
types of effects also are influenced by the environment. Yield was the 
only character which gave an indication of a significant deviation from 
zero for the interaction between epistatic effects and environment. For 
yield the interaction between and environment and and environment 
was significantly different from zero at the 5% level of probability. The 
components o^y and o^ are functions of epistatic effects. 
Estimates of the genetic components of variance for each character 
were obtained by equating the components of variance of the triallel 
analysis with their genetic expectations and solving for the genetic com­
ponents of variance by means of matrix inversion. This procedure gives 
unique estimates for each of the unknowns, which in this case were the 
genetic components of variance. Five different sets of unknowns were 
estimated. They were: 
2 
+ 
2 ^ 2  2 2 , 2 
*0 + OAA + ^DD ^AAA' 
2 2 2 2 
+ 
°AAA' 
2 2 2 
^A 
+ 
^ °AAA' 
4. and 
To obtain estimates for the reduced number of unknowns, the appropriate 
rows and columns were dropped from the matrices before solving for the 
unknowns. The above sets of unknowns or models, as they will be referred 
to, were estimated to obtain information on the relative magnitudes of the 
different genetic components of variance. Information on the bias intro­
duced by assuming that epistasis equals zero also should be available from 
the results. No attempt was made to test for the significance of the 
estimates or of the deviations after a model was fitted. 
Estimates of the genetic components of variance calculated from the 
three-way hybrid data are given in Tables 37-44 for all eight characters. 
In all cases in which six unknowns were estimated, some of the estimates 
are negative. The true genetic variances must, of course, be non-negative. 
These negative estimates may be regarded as zero or some small positive 
number. The under-estimation of one component will cause the other compon­
ents in the model to be over-estimated. The other components will not be 
affected all to the same extent, but the relative effect on the other 
components of a negative estimate is not known. This causes the results 
from fitting the six unknowns to be unrealistic and thus no conclusions 
can be drawn from the estimates obtained for this model. For some charac­
ters, negative estimates were obtained when reduced models were fitted. 
For all characters except yield, however, these were very small relative 
to the other estimates and can be regarded as zero. They should hfve 
little effect on the other estimates obtained. 
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All characters gave similar results and only the general trend will be 
reported. The estimates of additive genetic variance are large relative 
to the estimates for the other components for all characters. The estimates 
2 
of 0^ are more consistent for the different models than are the estimates 
2 
of Og, indicating that the estimates of dominance variance is affected more 
by assuming epistasis absent than is the estimate of additive genetic 
2 
variance. The estimates of appear to be biased by epistatic variance 
2 
when it is assumed absent since the estimates of are larger for models 
4 and" 5 in which epistasis is assumed to equal zero. 
The estimates obtained using model 2 would indicate that the additive 
type epistatic variance is a more important source of variation than is 
2 2 dominance variance for all characters. The magnitude of 0^ and 
2 
relative to 0^ varies with the characters studied. For most characters 
studied the estimates of trigenic additive type epistasis are larger than 
the estimates of digenic additive epistasis. 
Mean squares from the triallel analysis of the combined yield data 
from the four environments are given for each set in Table 45. Eight of 
the ten sets gave an indication that significant additive genetic variance 
exists for yield. Either o^ or g^ or both were significantly different 
from zero in these sets. Either s^ or or both deviated significantly 
from zero in eight of the ten sets, which indicates deviations from an all 
additive genetic model. There was evidence for epistatic variance in four 
sets in which either s^ or o^ was significantly different from zero. None 
of the components which contain only epistatic variance s^, o^^^ and o^ 
showed a significant interaction with environment. The interaction component 
Sg X L was significantly different from zero in four of the ten sets. The 
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component is a function of dominance and epistatic effects. Interaction 
between additive effects or additive type epistatic effects and" environment 
was indicated by the significant deviation from zero of x L in seven of 
the ten sets and o^ x L in five sets. 
Estimates of the genetic components of variance for yield for the five 
models were calculated for each set and are given in Tables 46-49. The 
estimates are extremely variable and probably are not representative of the 
population as a whole. There is some indication that additive genetic 
variance is relatively more important than is non-additive, since the esti-
2 
mates of are larger than the estimates of the other components in most 
sets. 
Estimates of the genetic components of variance were calculated for 
seven quantitative characters by equating the components of variance of 
the dialTel and triallel analyses with their genetic expectations and 
solving for the unknown genetic components of variance. Estimates for date 
of silk were not calculated in this manner since this attribute was measured 
in only one environment. The five models previously defined were used. 
The estimates obtained are given in Tables 50-56. The characters all gave 
similar trends, so only the general trend will be reported. 
Negative estimates were obtained when all six unknowns were included 
2 2 
in the model. The negative estimates were for cr^ and for all charac-
2 2 ' 
ters except ear diameter for which the estimates of and were negative. 
The negative estimates will cause the other components estimated in this 
model to be biased. The estimates obtained with model 1 are thus unrealis­
tic, and no conclusions about the relative magnitudes of the genetic 
components of variance are possible from these estimates. Some negative 
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estimates were obtained when models 2 and 3 were fitted. These are very 
smalil, however, except for yield and the bias introduced by them would be 
very small. 
The estimates of additive genetic variance are large relative to the 
estimates for the other genetic components of variance. This of course 
indicates that additive genetic variance accounts for the majority of the 
2 
genetic variation. The estimates of are relatively more stable than the 
2 2 
estimates of for the different models indicating that estimates of gg 
are affected more by assuming epistasis equals zero than are estimates of 
2 2 
0^. The decided increase in the estimate of when epistasis is assumed 
2 
absent indicates that this estimate of contains appreciable amounts of 
epistatic variance. The relative amounts of additive and non-additive 
genetic variance varies with the characters studied. 
Table 29. Combined analysis of variance for plant height of three-way 
hybrids in all teji sets grown in four environments 
Source of variation Symbol d.f. Mean square 
Hybrids/sets H 590 597.86** 
1-line general g. 50 4181.74** 
2-line specific sf 90 204.39** 
3-line specific S- 50 89.91** 
1-line order 0, 50 1541.01** 
2-line order (a) 0. 90 237.07** 
2-line order (b) 0„, 100 87.80 
3-line order 0^ 160 84.98** 
Hybrids x environment/sets HxL 1770 47.56** 
1-line general gxL ,150 108.46** 
2-line specific S-xL 270 45.09 
3-line specific S^xL 150 43,23 
1-line order 0::xL 150 52.34 
2i-line order (a) 0„ xL 270 47.18* 
2-line order (b) 0,*xL 300 40.85 
3-line order O^xL 480 5,34.21 
Pooled error E 2360 39.78 
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Table 30. Combined analysis of variance for ear height of three-way hybrids, 
in all ten sets grown in four environments 
Source of variation Symbol d.f. Mean square 
Hybrids/sets H 590 653.72** 
1-line general g. 50 5021.14** 
2-line specific S„ 90 151.16** 
3-line specific S_ 50 63.94** 
1-line order 0, 50 1695.16** 
2-line order (a) 0^ 90 172.94** 
2-line order (b) O^f 100 69.37 
3-Iine order 0^ 160 66.09** 
Hybrids x environment/sets HxL .1770 36.66** 
1-line general gxL 150 84.54** 
2-line specific S-xL 270 33.49 
3-line specific S,xL 150 34.77 
1-lihe order 0,xL 150 42.68** 
2-line order (a) Og xL .270 35.58 
2-rine order (b) O.ixL .300 27.07 
3-line order O^xL 480 28.78 
Pooled, error E 2360 30.64 
Table 31. Combined analysis of variance for ear length of three-way 
hybrids in all ten sets grown in four environments 
Source of variation Symbol d.f. Mean square 
Hybrids/sets H 590 6.33** 
1-line general g. 50 40.04** 
2-line specific 90 2.33* 
3-line specific S_ 50 1.28** 
1-line order 0. 50 15.73** 
2-line order (a) 0_ 90 3.11** 
2-line order (b) CCf 100 1.38 
3-lfne order 0^ 160 1.58** 
Hybrids X environment/sets HxL .1770 1.07** 
1-Iihe general gxL 150 2.73** 
2-line specific S.xL 270 1.09** 
3-llne specific S_xL .150 0.73 
1-line order 0,xL 150 .1.53** 
2-line order (a) 0_ xL 270 0.80 
2-line order (b) O.^xL .300 0.84 
3-line order O^xL 480 0.80 
Pooled error E 2360 0.81 
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Table 32, Combined analysis of variance for ear diameter of three-way 
hybrids in all ten sets grown in four environments 
Source of variation Symbol d.f. Mean square 
Hybrids/sets 
1-line general 
2-line specific 
3-line specific 
1-line order 
2-line order (a) 
2-line order (b) 
3-line order 
H 
o: 
0 
> 
2b 
590 
50 
90 
50 
50 
90 
100 
160 
0.1925** 
1.2935** 
0.1044** 
0.0298 
0.3859** 
0.0738** 
0.0466 
0.0465** 
Hybrids x environment/sets 
1-line general 
2-line specific 
3-line specific 
1-Iine order 
2-line order (a) 
2-line order (b) 
3-line order 
Pooled error 
HxL 
gxL 
S,xL 
S^xL 
OIxL 
O^L 
1770 
150 
270 
150 
150 
270 
.300 
480 
2360 
0.0321* 
0.0691** 
0.0356* 
0.0256 
0.0392** 
0.025 7 
0.0310 
0.0226 
0.0291 
Table 33. Combined analysis of variance for kernel row number of three-
way hybrids in all ten sets grown, in four environiçents 
Source of variation Symbol d.f. Mean square 
Hybrids/sets 
1-line general 
2-line specific 
3-line specific 
1-line order 
2-line order (a) 
2-line order (b) 
3-line order 
H 
o: 
0 
> 
2b 
590 
50 
90 
50 
50 
90 
100 
160 
11.03** 
90.15** 
2.53** 
0.69 
26.67** 
1.84** 
0.95 
0.89** 
Hybrids x environment/sets 
1-line general 
2-line specific 
3-line specific 
1-line orider 
2-line order (a) 
2-line order (b) 
3-line order 
HxL 
gxL 
S,xL 
S^xL -
O^xL 
g 
1770 
150 
270 
150 
150 
270 
300 
480 
0.54** 
1.03** 
0.52 
0.41 
0.72** 
0.45 
0.45 
0.49 
Pooled error E 2360 0.46 
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Table 34. Combined analysis of variance for 300 kernel weight of three-
way hybrids in all ten sets grown in four environments 
Source of variation Symbol d.f. Mean square 
Hybrids/sets 
1-line general 
2-line specific 
3-line specific 
1-line order 
2-line order (a) 
2-line order (b) 
3-line order 
H 
2a 
2b 
590 
50 
90 
50 
50 
90 
100 
160 
291.89** 
2143.08** 
76.55** 
31.95 
' 763.89** 
78.93** 
46.02 
41.72** 
Hybrids x environment/sets 
1-line general 
2-line specific 
3-line specific 
1-lihe order 
2-line order (a) 
2-line order (b) 
3-line order 
HxL 
gxL 
S„xL 
S^xL 
O^xL 
1770 
150 
270 
150 
150 
270 
300 
480 
38.06** 
110.74** 
35.03** 
26.65 
51.19** 
31.60* 
29.51 
25.50 
Pooled error E 2360 27.27 
Table 35. Combined analysis of variance for yield of three-way hybrids 
in all ten; sets grown in four environments 
Source of variation Symbol d.f. Mean square 
Hybrids/sets H 590 1686.17** 
1-lfne general g- 50 8491.94** 
2-line specific S^ 90 .1089.72 
3-line specific S_ 50 754.19** 
1-line order 0^ 50 3204.28** 
2-line order (a) 0^ 90 1252.63* 
2-line order (b) 0,^ 100 598.89 
3-line order 0^ 160 635.76** 
Hybrids x environment/sets HxL 1770 481.57** 
1-lxne general gxL 150 1156.29** 
2-line specific S-xL .270 517.86** 
3-line specific S-xL 150 340.13 
1-line order 0,xL .150 614.26 
2-line order (a) 0. xL .270 425.24* 
2-line order (b) O^fxL .300 407.82* 
3-line order O^xL .480 330.82* 
Pooled error E 2360 286.05 
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Table 36. Analysis of variance for date silk of three-way hybrids in all 
ten sets grown in one environment 
Source of variation Symbol d.f. Mean square 
Hybrids/sets H 5B0 6.43** 
1-line general 
^1 
50 44. 43** 
2-line specific 90 2. 48* 
3-line specific =3 50 1. 72 
1-line- order °1 50 12. C
O
 
2-line order (a) 0. 90 1. 90 
2-line order (b) CM 
O
 100 . 1. 87 
3-line order O3 160 1. 65* 
Pooled error E 590 ,1.30 
Table 37. Estimates of genetic variances for plant, height obtained by 
fitting different models to three-way hybrid data combined for 
all sets in all environments 
^ , , 2  2  2  2  2  2  
Model c^AD ^DD ^AAA 
1 122.97 .96.96 -77.62 -219.21 99.97 165.38 
2 112.70 7.51 3.83 52.54 
3 110.61 1.50 64.99 
4 128.10 21.60 
5 128.10 
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Table 38. Estimates of genetic variances for ear height obtained by fitting 
different models to three-way hybrid data combined for all sets 
in all environments 
ModeL 
2 
OA 
2 2 
^AA 
2 2 
°AD °^DD 
2 
^AAA 
1 150.26 89.34 -58.16 -184.73 79.78 133.93 
2 141.40 3.44 12.07 36.62 
3 140.44 11.00 42.33 
4 156,68 15.46 
5 .156,68 
Table 39. Estimates of genetic variances for ear length obtained by 
fitting different models to three-way hybrid data combined for 
all sets in all environments 
Model 
2 
OA 
2 2 
^AA 
2 2 
°AD (^DD 
2 
^AAA 
1 1.17 0.99 -0.75 -2.34 1.33 1.51 
2 1.08 0.09 -0.04 0.53 
3 1.05 -0.07 0.68 
4 1.20 0.21 
5 L.20 
Table 40. Estimates of genetic variances for ear diameter obtained by 
fitting different models to three-way hybrids data combined 
for all sets in all environments 
-
Model 2 
^A 
2 2 
^AA 
2 2 
^AD ^DD 
2 
^AAA 
1 0.02531 -0,00477 0.02628 0.00983 0.01507 -0.02083 
2 0.02718 0.00283 0.01144 -0.00028 
3 0.02640 0.01057 0.00441 
4 0.03265 0.00542 
5 0.03265 
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Table 41. Estimates of genetic variances for kernel row number obtained 
by fitting different models to three-way hybrid data combined 
for all sets in all environments 
Model 
2 
°A 
2 2 
*AA 
2 2 
^AD *DD 
2 
^AAA 
1 2.64 0.46 -0.06 -1.06 0.65 0.66 
2 2.61 0.06 0.23 0.26 
3 2.59 0.21 0.36 
4 2.78 0.18 
5 2.78 
Table 42, Estimates of genetic variances for 300 kernel weight obtained 
by fitting different models to three-way hybrid data combined 
for all sets in all environments 
Model 2 OA 
2 2 
*AA 
2 2 
^AD ^DD 
2 
°AAA 
1 61.07 34.74 -20.26 -84.38 34.60 55.93 
2 56.89 -0.26 12.88 10.02 
3 56.96 12.96 9.58 
4 65.70 5.26 
5 65.70 
Table 43. Estimates of genetic variances for yield obtained by fitting 
different models to three-way hybrid data combined for all sets 
in all envj-ronments 
Model 2 
*A 
2 2 
*AA 
2 2 
°AD 
2 
°AAA 
1 245.13 178.48 -289.12 -440.58 412.40 413.85 
2 240.09 38.34 -249,21 385.56 
3 229.43 -261.09 422.13 
4 212.06 70.32 
5 
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Table 44. Estimates of genetic variances for date of silk obtained by 
fitting different models to three-way hybrid data combined 
for all sets in one environment 
2 2 2 2 2 2 
°DD ''AAA 
1 4.54 -2.32 2.83 4.68 0.25 -3.07 
2 4.93 0.03 -0.25 1.20 
3 4.92 -0.2,6 1.24 
4 5.12 - 0.27 
5 5.12 
Table 45. Triallel analysis of yield data obtained for each set in four environments 
Mean squares 
Source of variation d.f. Set 41 02 03 04 05 
Hybrids 59 1579.00** 1152.73** 1016.60** 2058.11** 1537.87** 
1-line general 5 8450.94* 7099.42** 3317.00 4572.04 5971.76* 
2-line specific 9 1107.03** 598.59 1912.09* 1031.72 595.38 
3-?line specific 5 379.56 180.61 105.15 2067.63** 295.58 
1-line order 5 2855.26* 2098.28 2250.21** 5384.38* 7409.83** 
2-line order (a) 9 906.16 1043.23** 818.81 1781.37 429.41 
2-line order (b) 10 427.25 277,89 290.45 1980.45 564.11 
3-line order 16 771.30* 228.95 258.45 1111.19** 467.77 
Hybrids x environments 177 430.90 275.63 734.49** 402.55 486.17** 
1-line general 15 1979.66** 717.83** 1139.63 743.04** 1856.37** 
2-line specific 27 307.46 181.32 856.88** 313.42 379.32 
3-line specific 15 287.19 148.28 433.93 462.29 247.86 
1-line order 15 231.42 383.93 711.75 644.55* 862.47** 
2-line order (a) 27 364.89 258.40 648.27 385.32 337.48 
2-line order (b) 30 331.36 274.74 460.80 332.26 314.10 
3-line order 48 222.95 206.69 490.86 305.62 266.17 
Pooled error 236 366.66 313.60 433.95 339.22 335.41 
I 
Table 45. (Continued) 
Mean squares 
Source of variation d.f. Set 05 07 08 09 10 
Hybrids 59 721.55** 1396.47** 3886.21** 2047.99** 1438.21** 
1-line general 5 1733.48 7789.63** 28091.11** 7210.12** 10683.89** 
2-line specific 9 744.60 550.90 2563.75* 1227.00** 577.13 
3-line specific 5 1489.23** 374.15 1303.17 982.79 363.98 
1-line order 5 333.96 2574.89 5212.68 1467.93 2455.44** 
2-line order (a) 9 773.46* 942.47** 2245.18** 3034.65 551.58* 
2-line order (b) 10 331.60 535.00 396.21 930.68 245.22 
3-line order 16 488.10 619.25 563.07 1554.08** 295.45 
Hybrids x environments 177 471.36 429.85* 833.65** 395.91 455.20** 
1-line general 15 696.31* 630.95 1581.35 1062.35** 1155.41* 
2-line specific 27 629.06 616.06* 948.79* 439.81 506.50* 
3-line specific 15 206.04 367.11 760.76 133.51 354.31 
1-line order 15 714.48* 284.90 1375.35** 441.55 492.21* 
2-line order (a) 27 471.72 428.32 703.11 390.62 264.27 
2-line order (b) 30 315.47 459.90 804.20 367.67 417.74 
3-line order 48 416.52 309.25 480.56 251.30 358,28 
Pooled error 236 380.52 342.33 557.98 359.29 279.01 
78 
Table 46. Estimates of genetic variances for yield for the ten sets grown 
in four environments obtained by fitting Model 1 
Set 
2 2 2 2 2 2 
OA ^AA °AD '^DDi, °AAA 
01 48.34 -147.35 466.13 173.28 358.03 4435.11 
02 206.35 214.82 -170.07 -239.73 57.64 178.62 
03 -74.20 -43.72 290.75 117.65 -28.46 -87.72 
04 -1427.07 -12009.31 11917.02 26826.34 -6643.43 -16399.63 
05 171.54 1005.73 -777.79 -2637.45 763.61 1890.39 
06 96.67 41.64 -723.71 -232.59 140.23 981.97 
07 221.55 23.22 70.85 -79.58 283.92 -144.27 
08 991.88 663.14 -1189.11 -854.26 225.24 1050.93 
09 206.34 113.67 -60L06 -298.10 1259.70 -224.55 
10 313.86 196.99 -177.01 -418.34 100.88 320.32 
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Table 47. Estimates of genetic variances for yield for the ten sets grown 
in four environments obtained by fitting Model 2 
2 2 2 2 2 2 
°AA "^AD "^DD ^AAA 
01 88.03 3.49 151.62 .64 
02 191.56 108.11 -52.86 16.23 
03 -66.93 8.73 233.19 7.96 
04 218.25 -78.53 -1120.29 1663.40 
05 .17.79 -146.93 440.54 202.40 
06 88.40 -46.60 -658.14 891.12 
07 235.82 36.44 -42.24 12.41 
08 940.48 285.74 -781.81 486.62 
09 274.02 199.29 -596.34 518.45 
10 288.00 10.44 27.87 36.47 
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Table 48. Estimates of genetic variances for yield for the ten sets grown 
in four environments obtained by fitting.Model 3 
2 2 2 2 2 2 
°'D °AA °AD D^D °AAA 
01 87.06 150.54 6.42 
02 161.51 -86.36 195.49 
03 -69.36 230.49 6,^1 
04 240.07 -1095.96 1533.19 
05 58.63 486.07 441.24 
06 101.36 643.70 813.84 
07 225.70 53.53 72.85 
08 861.06 -870.33 960.41 
09 218.62 -658.08 848.91 
10 285.10 24.64 53.78 
Se 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
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Estimates of genetic variances for yield for the ten sets grown 
in four environments obtained by fitting Model 4 and Model 5 
Model 4 Model 5 
2 2 2 
OA OA 
161.53 39.01 161.53 
170.18 99.85 170.18 
43.79 61.12 43.79 
105.57 78116f 105.57 
283.07 6.68 283.07 
0.0 0.24 0.0 
218.60 29.72 218.60 
687.91 225.66 687.91 
119.36 190.48 119.36 
310.89 26.10 310.89 
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Table 50. Estimates of genetic variances for plant height obtained by 
fitting different models to combined single-cross and three-way 
data obtained in four environments 
2 2 2 2 2 2 
°A '^AD ^DD '^AAA 
1 130.21 98.59 -134.32 -201.63 38.14 217.35 
2 114.16 7.16 -12.24 40.23 
3 112.22 -13.67 50.75" 
4 118.20 30.04 
5 118.20 
Table 51. Estimates of genetic variances for ear height obtained by 
fitting different models to combined single-cross and three-
way data obtained in four environments 
Model 2 
^A 
2 2 
°AA 
2 
^AD 
2 
^DD 
2 
°AAA 
1 143.23 70.52 -40,67 -161.91 40.69 127.49 
2 256.68 -95.17 -42,98 42.70 
3 282,37 -41.07 28.70 
4 150.70 3.35 
5 150.70 
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Table 52. Estimates of genetic variance for ear length obtained by 
fitting different models to combined single-cross and three-
way data obtained in four environments 
Model 2 2 % 
2 
°AA 
2 
^AD 
2 
^DD 
2 
^AAA 
1 1.26 2.01 -1.68 -4.57 1.75 2.68 
2 1.00 0.09 0.05 0.33 
3 0.97 0.03 0.46 
4 1.11 0.35 
5 1.11 
Table 53. Estimates of genetic variance for ear diameter obtained by 
fitting different models to combined single-cross and three-
way data obtained in four environments 
Model 
2 
^A 
2 2 
^AA 
2 
^AD 
2 2 
*AAA 
1 0.01284 -0.00958 0.01560 0.00214 -0.00715 0.01122 
2 0.03103 rO.01420 -0.00851 0.00603 
3 0.03145 -0.00848 0.00582 
4 0.04010 0.00780 
5 0.04010 
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Table 54. Estimates of genetic variances for kernel row number obtained by 
fitting different models to combined single-cross and three-way 
data obtained in four environments 
2 2 2 2 2 2 
^AA '^AD "^DD %AA 
1 2.58 1.68 -1.42 -3.77 1.25 2.45 
2 2.34 0.06 0.23 0.15 
3 2.32 0.22 0.24 
4 2.49 0.28 
5 2.49 
Table 55. Estimates of genetic variances for 300 kernel weight obtained 
by fitting different models to combined single-cross and 
three-way data obtained in four environments 
Model 2 °A 
2 2 
CAA 
2 
o^AD 
2 2 
*AAA 
1 70.20 .76.32 -64.50 -176.24 54.05 112.91 
2 58.43 -0.01 17.95 -3.01 
3 58.46 17.97 -3.15 
4 66.59 6.39 
5 66.59 
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Table 56. Estimates of genetic variances for yield obtained by fitting 
different models to combined single-cross and three-way data 
obtained in four environments 
Model 
2 2 2 2 2 2 
"A ^AA ^AD ^DD *AAA 
1 310.22 723.81 -720.38 -1618.52 614.06 928.42 
2 214.96 41.91 -101.04 84.71 
3 203.64 -109.45 146.28 
4 186.10 53.86 
5 .186.10 
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DISCUSSION 
Certain assumptions were made in developing the analyses and in the 
conduct of this study. The validity of these assumptions will be examined 
before any attempt is made to draw inferences from the estimates, since 
the usefulness of the estimates depends upon the validity of these assump­
tions. 
A basic 'Assumption was that the inbreeding coefficient of the inbred 
lines used was equal to one. The lines were in the S^ generation.in which 
the expected value of F is 127/128 or 0.992. Although selection for the 
heterozygoses or contamination could lower the homozygosity, it seems 
improbable that either would have appreciably affected the level of homo­
zygosity in the lines uged. For both the diallel and triallel analyses 
the absence of reciprocal differences and maternal effects were assumed. 
The validity of this assumption is sometimes questioned. Whether it would 
affect the estimates and if so the direction of the bias, is not known. 
Another assumption was that the inbred lines used were derived at 
random from the base population. This is important since the inbred lines 
are a sample from which inferences about the base population are drawn. 
If the estimates of the genetic components of variance are to be useful, 
they must refer to some base population. The magnitude of these components 
for a set of inbred lines is of no use unless inferences can be drawn from 
these estimates about bhe population. An attempt was made to prohibit 
selection.during the inbreeding process; however, it is impossible to 
maintain certain plants within a line due to such things as female sterility, 
male sterility and protandry. Thus natural selection during the inbreeding 
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process may have caused shifts in the gene frequencies. Such shifts could 
concexvahly change the relative magnitudes of the genetic components of 
variance. The change in gene frequencies for genes controlling;any of the 
quantitative characters studied should be due only.to the genetic correla­
tion between the character and fitness or survival. JRherhart et @1^. (1966) 
pointed out that when a character is controlled by genes at many loci, and 
when most of the gene frequencies are in the range from 0.2 to 0,8 neither 
mild selection nor drift would be expected to change genetic variances to 
any appreciable extent. 
The difference between the single-cross means and the three-way means 
were small and may not be meaningful. The differences,, however,.were quite 
consistent over environments and the overall means are the results of 
numerous observations. Sprajgue et al. (1962) showed that the means of all 
possible single crosses and all possible three-way crosses within a set of 
inbred lines were balanced with respect to all intraallelic interactions. 
They then used the difference between single-cross and three-way means as 
an indication of the importance of epistasis. In the present study, the 
single-cross hybrid seed was of necessity produced on an inbred seed.parent 
whereas most of the three-way seed was produced on the single-cross parent. 
This could conceivable favor the three-way hybrids but its affect is 
probably negligible. 
The difference between single-cross and three-way hybrid means should 
measure gene effects. The importance of epistasis using this test would 
tend ta be under estimated. Negative and positive effects would tend to 
cancel one another, so that, this test might not indicate the presence of 
epistatic effects when epistasis was present. 
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Sprague et £l. (1962) found that single-cross means were higher than 
three-way means for yield. Their results are in contrast to the results 
found in the present study. They, however,.were working with highly 
selected inbred lines whereas the present study was conducted using 
unselected lines. In a sequential selection program such as is used in 
most breeding programs, it seems probable that lines with positive epis-
tatic effects would be saved and those with negative epistatic effects 
discarded. Thus the highly selected lines used by Sprague et al. should 
have a preponderance of positive epistatic effects. In this case, the 
single-cross means would be expected to be higher than the three-way means. 
In most of the sets of inbred lines used in the present study, negative 
epistatic effects appeared to predominate. This is considering a negative 
effect as one which lowers the value of the individual possessing it and 
may not necessarily be deleterious. Since these lines were as nearly as 
possible a random set from the original source, the results of this study 
would indicate that negative epistatic effects are at least as frequent 
as positive epistatic effects in the base population. If this is tpue of 
other open-pollinated varieties as well the presence of predominately r 
positive epistatic effects in the highly selected inbred lines, indicates 
that selection must have been effective for the epistatic effects. 
The effect of a genotype by environment interaction is to reduce the 
correlation between genotype and phenotype. Estimates of genotype by 
environment interaction variances are of interest to the.piant-breeder, 
since the magnitude of these interaction variances relative to the genetic 
variances, give an indication.of the reliability of results obtained in any 
pne or particular environment. Knowledge about the magnitude of the 
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interaction between additive gene effects and environment relative to the 
interaction between non-additive effects and environment is Important in 
planning a testing program. If the interaction between additive gene 
effects and environment is large, it indicates that preliminary tests such 
as top-cross tests, which are designed to differentiate the lines with 
superior additive gene effects, need to be grown in several environments. 
However, if the interaction between non-additive effects and environment 
account for most of the genotype by environment interaction,.lines with 
superior additive effects should be distinguished in fewer environments. 
The results of the present study indicate that the interaction of 
additive gene effects or additive type epistatic effects with the environ­
ment tend to be larger than the interaction of dominance and epistatic 
effects with the environment. -Matginger et al. (1959) reported similar 
results for yield using a synthetic variety which was unselected for yield. 
These results however are in contrast to the findings of Rojas and Sprague 
(1952). in a study utilizing single crosses of selected inbred lines. 
Results of the tria lie1 analyses indicate that non-additive genetic effects 
also interact with environment for most characters. This is more pronounced 
for yield than it is for the other characters. 
One objective of the present study was to estimate the genetic com­
ponents of variance in an open-pollinated strain of the variety, Krug. 
Estimates of the genetic variance components have been obtained in open-
pollinated varieties of maize by various workers (Robinson et al. 1949, 
1955; Williams et a_l. 1965; Lindsey et aj^.. 1962). Most have agreed that 
there is relatively more additive genetic variance than dominance variance. 
This conclusion is based on the assumption that 
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there Is no epistasis. This assumption may not be realistic. Studies 
designed to determine the types of genetic effects in maize have found 
that epistatic effects account for a substantial part of the genetic varia­
bility (Bauman 1959; Gamble 1962a and b; Gorsline 1961; Sprague et al. 
1962). This has caused the estimates of the components of genetic variance 
previously obtained to be questioned. 
Most of the mating designs used in the estimation of genetic components 
of variance have been two factor mating designs. That is only the two 
parents are Identified. Thus only two covariances among relatives can 
be estimated. In most cases these have been the covariance of full-sibs 
and the covariances of half-sibs. The genetic expectations of these 
covariance relationships with F = 1 are: 
Cov(HS) = 2 + 16 + 6& °^AAA * * * 
Cov(FS) = + afu + app + ... 
Since only two covariances are available with such a mating design, only 
two genetic parameters can be estimated. The absence of epistasis thus 
has been assumed, and additive genetic variance and dominance variance 
have been estimated. The estimate of additive genetic variance, would be 
2 [Cov(HS)] in,this case. The bias, if epistasis is not equal to zero, 
12 12 
would Be equal to g ... The estimates for dominance variante 
7 ^ 2 2 
would be Cov(FS) - 2 [Cov(HS)] and the bias would be - + 
31 2 
3? °AAA* 
Rawllngs and Cockerham (19628) presented an analysis which allows the 
estimation of six genetic parameters. This analysis was utilized in the 
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present study. The mean squares from the triallel analyses for the eight 
quantitatively inherited characters studied are given in Tables 28-35. 
The estimates for the genetic components of variance are given in Tables 
36-43 and 51-57. The results were interpreted as indicating that while 
the variance due to additive gene effects constituted the major portion of 
the total genetic variance for all characters there was an indication 
of significant amounts of epistatic variance for all characters. Epistatic 
effects appear to be relatively more important than dominance effects. The 
estimate of dominance variance when epistasis is assumed to equal zero 
therefore is composed mainly of epistatic variance. Relative amounts of 
additive and non-additive genetic variance varied, depending upon the 
character. 
When a model containing six genetic components of variance was fitted 
to the components of variance of the triallel analysis, negative estimates 
were obtained for some of the genetic parameters. Since a negative variance 
is impossible, these must either be estimates of zero, or due to some 
deficiency in the procedure which is not apparent. The large magnitude 
of the negative estimates is disturbing. They caused the estimates 
obtained when the full model was fitted to be unrealistic; and thus no 
conclusions can be drawn about the relative magnitude of the epistatic ; 
components of variance. The same problem may be biasing the results ob­
tained when reduced models were used. The procedure used appeared to 
2 2 
cause a negative correlation between and This may in part be 
due to the correlation which.exists between these genetic variances when 
the covariance between relatives is expressed in terms of genetic variances. 
This could result in the improper use of the least squares procedure which 
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was used to obtain the estimates. 
2 2 2 2 
The results obtained using a model containing a^, a^, and 
appear to be more realistic than estimates obtained using the full model. 
The triallel analysis used in this study has some advantages over 
the two factor designs which have been used previously to estimate genetic 
components of variance. Exact F-tests can be devised to test for the 
presence of epistatic variance. The results obtained indicated" that 
epistasrts was important in the inheritance of all characters studied. This 
is in agreement with studies on gene effects which have been reported by 
Gamble (1962a and b). No direct estimates of the epistatic components of 
genetic variance are available from the analysis, however,, and the proce­
dure used in this study to obtain estimates of these parameters gave 
questionable results. 
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SUMMARY 
The main objective of the present study was to estimate the genetic 
components of variance in an open-pollinated strain of Krug Yellow Dent. 
Sixty inbred lines isolated from the base population without selection 
were used in the study. The inbred lines were randomly assigned to sets 
of six lines each. All possible single-cross and three-way hybrids within 
each set were produced in 1963. These hybrids were grown in field experi­
ments in four environments. Data were obtained on plgnt height, ear 
height, ear length, ear diameter, kernel row number, 300 kernel weight and 
yield in all four environments. In addition, date of silk wag measured 
in one environment. 
An analysis was calculated for the single crosses within each set, 
and these were pooled across sets. Estimates of additive genetiç variance 
gnd dominance variance were calculated for each character using the results 
of the pooled analyses. The three-way hybrids within each set were analyzed 
using the triallel analysis presented by Rawlings and Cockerham (1962a). 
The sums of squares and degrees of freedom were then pooled across sets. 
2 2 2 2 2 2 
The genetic parameters (o^, o^, were estimated, using 
the variance components of the triallel analyses, for each character. 
Estimates of the same parameters were calculated, using the information 
available from both single-cross and three-way hybrids. 
The interaction between additive genetic effects and environment was 
significantly different from.zero for all characters studied. The inter­
action between non-additive effects and environment was significant for 
most characters, but the magnitude of the interaction was less than for 
additive effects. These results were interpreted as indicating that 
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additive effects are influenced more by the environment thatn are non-
additive effects. The results indicated that non-additive effects for 
yield are affected more by environment than are the same effects for the 
other characters. The estimates obtained when the model fitted included 
six genetic parameters were unrealistic. Some of thé estimates were 
negative in this case and caused the other estimates to be inflated. 
Estimates obtained when reduced models were fitted were more consistent. 
The results were interpreted as indicating that additive genetic variance 
accounts for the majority of the genetic variance for all characters 
studied. It was also concluded that additive type epistatic effects are 
more important than are dominance effects. This causes the estimate of 
dominance variance to be biased upward, when epistasis is assumed to equal 
zero, by the presence of epistatic variance. 
95 
BIBLIOGRAPHY 
Anderson, V.-L. and Kempthorne, 0. 1954. A model for the study of 
quantitative inheritance. Genetics 39: 883-898. 
Bauman, L. F. 1959. Evidence of non-allelic gene interaction in 
determining yield, ear height and kernel row number in corn. Agronomy 
Journal 51: 531-534. 
Boling, M. M. and Grogan, C. 0. 1965. Gene action affecting host resistance 
to fusarium ear rot of maize. Crop Science 5: 305-307. 
Cockerham, C. C. 1954. The extension of the concept of partitioning 
hereditary variance for analysis of covariance among relative when 
epistasis is present. Genetics! 39: 859-882. 
Cockerham, C. C. 1956a. Analysis of quantitative gene action. Brookhaven 
Symposia in Biology 9; 53-68. 
Cockerham, C. C. .1956b. Effect of linkage on the covariance between 
relatives. Genetics 41: 138-141. 
Cockerham, C. C. 1961. Implications of genetic variances in a hybrid 
Breeding program. Crop Science 1: 47-52. 
Cockerham, C. C. .1963. Estimation of genetic variances. In Hanson, 
W. D. and Robinson, H. F., eds. Statistical genetics and plant 
breeding, pp. 53-94. National Academy of Sciences--National Research 
Council, Washington, B.C. 
Comstock, R. E. and Moll, R. H. 1963. Genotype-environment interactions. 
In Hanson, W. D. and Robinson, H. F., eds. Statistical genetics and 
plant breeding, pp. 164-196. National Academy of Sciences--National 
Research Council, Washington, B.C. 
Comstock, R. E. and Robinson, H. F. 1948. The components of genetic 
variance in populations of biparental progenies and their use in 
estimating the degree of dominance. Biometrics 4: 254-266. 
Comstock, R, E. and Robinson, H. F. .1952. Estimation of average dominance 
of genes. InGowen, J., ed. Heterosis, pp. 494-516. Iowa State 
University Press, Ames, Iowa. 
Eberhart, S. A., Moll,,R. H., Robinson, H. F., and Cockerham, C. C. 1966. 
Epxstatic and other genetic variances in two varieties of maize. 
Crop Science 6: 275-280. 
Fisher, R. A. 1918. The correlation between relative on the supposition 
of Mendelian inheritance. Royal Society Edinburgh Transactions 52: 
399-433. 
96 
Gamble, E..E. .1962a. Gene effects in corn (Zea mays L.) I. Separation 
and" relative importance of gene effects for yield. Canadian Journal 
of Plant Science 42: 339-348. 
Gamble, E.. E. 1962b. Gene effect in corn (Zea mays L.) II. Relative 
importance of gene effects for plant height and certain component 
attributes of yield. Canadian Journal of Plant Science 42: 349-358. 
Gardner, C. 0. 1963. Estimates of genetic parameters in cross-fertilizing 
plants and their implications in plant breeding. In Hanson, W. D. 
and Robinson, H. F., eds. Statistical genetics and plant breeding, 
pp. 225-252. National Academy of Sciences--National Research Council, 
Washington, D.C. 
Gardner, C. 0. and Lonnquist, J. H. 1959. Linkage and the degree of 
dominance of gene controlling quantitative characters in maize. 
Agronomy Journal 51: 524-528. 
Gorsline, G. W. 1961. Phenotypic epistasis for ten quantitative characters 
in maize. Crop Science 1:.55-58. 
Griffing, B. 1956. Concept of general and specific combining ability in 
relation to diallel crossing systems. Australian Journal of Biological 
Sciences 9: 463-493. 
Hanson,,W. D. 1964. Genotype-environment interactions concepts for yield 
experimentation. Biometrics 20: 540-552. 
Hayman, B. I. 1954. The theory and analysis of diallel crosses. Genetics 
39: 789-809. 
Hayman, B. I. 1958. The separation of epistasis from additive and dominance 
variation in generation means. Heredity 12: 3,71-390. 
Hayman, B. I. 1960. The separation of epistasis from additive and dominance 
variation in generation means. II. Genetica 31: 133-146. 
Horner, T. W. and Kempthorne, 0. 1955. The components of variance and 
the correlations between relatives in symmetrical random mating 
populations. Genetics 40: 310-320. 
Kempthorne, Oscar. 1952. The design and analysis of experiments. John 
Wiley^ and Sons, Inc., New York, New York. 
Kempthorne, Oscar. 1954. The correlations between relatives in a random 
mating population. Royal Society London Proceedings, Series B, 143: 
103-113. 
Kempthorne, Oscar. 1957. An introduction to genetic statistics. John 
Wiley and Sons, Inc., New York, New York. 
97 
Lindsey, M. E., Lonnquist, J. H,, and Gardner, C. 0. 1962. Estimates of 
genetic variances in open-pollinated varieties of Corn Belt corn. 
Crop Science 2: 105-108. 
Lonnquist, J. H. 1949. The development and performance of synthetic 
varieties of corn. Agronomy Journal 41; 153-156. 
Mather, 1949. Biometrical genetics. Dovey Publications Inc., London, 
England. 
Matzinger, D. F. 1963. Experimental Estimates of Genetic Parameters and 
their applications in self-fertilizing plants. In Hanson, W. D. and 
Robinson, H. F., eds. Statistical genetics and plant breeding, pp. 
253-279. National Academy of Sciences-National Research Council, 
Washington, D.C. 
Matzinger, D. F., Sprague, G. F., and Cockerham, C. C. 1959. Diallel 
crosses of maize in experiments repeated over locations and years. 
Agronomy Journal 51; 346-350. 
Moll, R. H., Lindsey, M. F., and Robinson, H. F. 1964. Estimates of 
genetic variances and level of dominance in maize. Genetics 49: 
411-423. 
Moll, R. H., Thompson, D. L., and Harvey, P. H. 1963. A quantitative 
genetic study of the inheritance of resistance to brown spot. 
(Phsoderma maydis) of corn. Crop Science 3: 389-391. 
Rawllngs, J. 0. and Cockerham, C. C. 1962a. Trlallel analysis. Crop 
Science 2; 228-231. 
Rawllngs, J. 0. and Cockerham, C. C. 1962b. Analysis of double cross 
hybrid populations. Biometrics 18: 229-244. 
Robinson, H. F. and Cockerham, C. C. 1961. Heterosis and inbreeding 
depression in populations Involving two open-pollinated varieties 
of maize. Crop Science 1: 68-71. 
Robinson, H. F., Cockerham, C. C., and Moll, R. H. 1960. Studies on 
estimation of dominance variance and effects of linkage bias. 
In Kempthorne, 0., ed. Biometrical Genetics: 171-177. New York, 
New York, Pergamon Press. 
Robinson, H. F., Comstock, R. E., and Harvey, P. H. 1949. Estimates of 
heritability and the degree of dominance In corn. Agronomy Journal 
41; 353-359. 
Robinson, H. F., Comstock, R, E., and Harvey, P. H. 1955. Genetic 
variance in open-pollinated varieties of corn. Genetics 40: 45-60. 
Robinson, H. F. and Moll, R. H. 1959. Implication of environmental 
effects on genotypes in relation to breeding. Hybrid Com Industry 
Research Conference Proceedings 14: 24-31. 
98 
Rojas, B. A. 1951. Analysis of a group of experiments on combining ability 
in corn. Unpublished M.S. thesis. Library, Iowa State University of 
Science and Technology, Ames, Iowa. 
Rojas,B. A. and Sprague, G. F. 1952. A comparison of variance components 
in corn yield trials. III. General and specific combining ability 
and their interaction with locations and years. Agronomy Journal 44: 
462-466. 
Schnell, F. A. .1963. The covariance between relatives in the presence of 
linkage. In Hanson,,W. D. and Robinson, H. F., eds. Statistical 
genetics and plant breeding, pp. 468-483. National Academy of 
Sciences—National Research Council, Washington, D.C. 
Sentz, J. C., Robinson, H. F„, and Comstock, R. E. .1954. Relation between 
heterozygosis and hybrid vigor in maize. Agronomy Journal 46; 514-520. 
Snedecor, G. W. 1956. Statistical methods. 5th ed. Iowa State University 
Press, Ames, Iowa. 
Sprague, G. F., Russell, W. A., Penny, L.H., Horner, T. W., and Hanson, 
W. D. 1962. Effects of epistasis on grain yield in maize. Crop 
Science 2: 205-208. 
Sprague, G. F. and Tatum, L. A. 1942. General vs. specific combining 
ability in single crosses of corn. American Society of Agronomy 
Journal 34: 923-932. 
Thompson, D. L., Rawlings, J. 0. and Moll, R. H. 1963. Inheritance and 
breeding information pertaining to brown spot resistance in corn. 
Crop Science 3: 511-514. 
Williams, J. C., Penny, L. H,, and Sprague, G. F. 1965. Full-sib and 
half-sib estimates of genetic variance in an open-pollinated variety 
of corn, Zea mays L. Crop Science 5: 125-129. 
Wright, S. 1921. System, of mating. IV. Genetics 6: 111-178. 
Wright, S. 
pigs. 
1922. The effects of inbreeding and cross breeding on guinea 
United States Department of Agriculture Bulletin 1121. 
99 
ACKNOWLEDGEMENTS 
The author is sincerely grateful to his major advisor. Dr. L. H. Penny, 
and to Dr. A. R. Hallauer for suggesting the problem and for helpful 
guidance throughout the course of the investigations and preparation of 
the manuscript. Appreciation is also expressed to Drs. K. J. Frey, 
Edward Pollack, C. C. Bowen and D. S. Robertson for serving on my graduate 
committee. 
Thanks are also due to the entire corn breeding group at Iowa State 
University for help in collecting the data. 
%o his wife, Betty, the author wishes to express his gratitude for 
the constant help and encouragement during this study. 
100 
APPENDIX 
Table 57. -Mean values from four environments for the three three-way crosses and three single crosses 
possible within groups of three inbred lines of set 01 
Compoiient 
. lines 
Plant heikht Ear height Ear length 
S-C .3-W S-C 3-W S-C 3-W 
1, 2, 3 215.6 215.2 107.0 106.8 18.0 17.8 
1, 2, 4 212.6 213.5 102.2 105.1 18.5 18.5 
1, 2, 5 214.8 209.1 109.1 103.8 18.5 17.5 
1, 2, 6 209.5 212.9 99.7 102.8 17.8 17.7 
1, 3, 4 212.7 212.2 108.0 108.4 17.1 16.7 
1, 3, 5 215.3 216.1 115.0 113.2 17.3 17.0 
1, 3, 6 208.6 210.7 104.8 105.8 16.7 16.8 
1, 4, 5 211.1 211.6 109.0 109.8 17.8 17.8 
1, 4, 6 207.0 209.9 100.3 104.4 17.0 17.1 
1, 5, 6 207.2 207.1 107.8 108.9 16.6 16.9 
2, 3, 4 216.3 218.4 115.7 117.8 17.6 17.9 
2, 3, 5 220.2 219.6 122.3 119.9 18.2 17.8 
2, 3, 6 213.4 217.3 112.3 112.8 17.6 18.0 
2, 4, 5 213.4 213.5 114.2 112.3 18.0 18.3 
2, 4, 6 209.1 215.8 105.7 111.5 17.2 18.1 
2 , 5 ,  6 210.7 212.3 112.9 112.5 17.2 17.7 
3, 4, 5 216.2 216.8 123.8 124.9 17.0 16.5 
3, 4, 6 210.5 212.0 114.4 115.7 16.2 16.3 
3, 5, 6 212.6 213.6 121.7 121.6 16.5 16.0 
4, 5, 6 207.2 208.4 113.9 115.5 16.1 16.3 
Table 57. (Continued) 
Component 
lines 
Ear diameter Kernel row no. 300 kernel weight Yield 
S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
1, 2, 3 4.57 4.55 17.1 17.2 67.4 69.0 152.4 151.2 
1, 2, 4 4.61 4.57 17,0 17.0 74.1 74.9 156.8 155.0 
1, 2, 5 4.57 4.47 16.8 16.6 70.6 70.7 153.6 140.2 
1, 2, 6 4.62 4.63 17.9 17.9 65.3 68.9 153.2 152.5 
1, 3, 4 4.57 4.62 18.2 18.2 72.6 73.5 137.3 130.7 
1, 3, 5 4.60 4.61 18.1 17.7 70.5 74.4 147.0 143.9 
1, 3, 6 4.52 4.57 19.0 19.2 63.8 66.6 137.5 141.7 
1, 4, 5 4.60 4.54 17.6 17.7 76.3 73.3 144.1 134.6 
1, 4, 6 4.62 4.59 18.9 19.1 70.1 69.4 145.7 140.2 
1, 5, 6 4.51 4.54 18.3 18.7 69.0 66.7 135.4 136.3 
2, 3 ,  4 4.55 4.64 16,8 17.2 75.3 76.2 145.9 15926 
2, 3, 5 4.59 4.55 17.1 17.2 70.9 72.0 157.3 150.0 
2, 3, 6 4.58 4.64 18.1 18.5 66.7 67.5 151.6 155.7 
2, 4, 5 4.54 4.56 16.8 17.2 75.1 76.7 144.5 151.8 
2, 4, 6 4.64 4.67 18.2 18.5 71.4 72.5 149.8 154.5 
2, 5, 6 4.54 4.59 18.0 18.1 67.9 66.5 141.2 149/0 
3, 4, 5 4.51 4.57 18.2 18.4 73.8 73.8 134.3 130.1 
3, 4, 6 4.49 4.56 19.4 19.6 68.7 69.4 130.5 127.2 
3, 5, 6 4.45 4.53 19.2 19.6 66.7 65.9 134.9 128.0 
4, 5, 6 4.46 4.63 19.1 19.5 70.5 70.1 125.8 125.7 
Table 58. Mean values from four environments for the three three-way crosses and three single crosses 
possible within groups of three inbred lines of set 02 
Component 
. lines 
Plant height Ear height Ear length 
S-C 3-W S-C 3-W S-C 3-W 
1, 2 3 207.0 200.0 101.0 94.0 16.6 16.4 
1, 2 4 200.0 200.7 99.6 100.0 17.1 17.1 
1 , 2  5 208.4 210.3 107.5 112.2 17.4 17.0 
1, 2 6 195.9 193.6 92.5 96.9 16.6 16.4 
1, 3 4 207.7 207.5 97.8 95.0 17.3 17,4 
1, 3 5 215.8 212.0 104.1 102.8 17.1 17.3 
1, 3 5 212.5 208.5 94.2 94.4 17.4 17.1 
1, 4 5 208.4 210.4 103.5 105.9 17.9 17.9 
1, 4 6 200.9 203.6 91.4 96.9 17.7 18.1 
1, 5 6 209.7 210.0 103.3 104.4 17.7 17.7 
2, 3 4 213.0 210.5 108.4 105.2 16.7 16.7 
2, 3 5 217.7 219.3 112.9 115.4 16.0 16.2 
2, 3 6 205.7 204.1 100.0 100.0 16.1 15.9 
2, 4 5 218.9 219.8 116.8 117.4 17.1 17.2 
2, 4 6 202 .4 205.5 101.8 105.9 16.9 16.9 
2, 5 6 209.0 210.5 111.8 111.9 16.9 17.0 
3, 4 5 221.9 222.7 110.6 113.1 16.5 16.9 
3, 4 6 214.9 214.7 100.7 103.2 17.1 17.3 
3, 5 6 221.4 223.3 109.0 112.2 16.2 16.4 
4, 5 6 217.6 220.7 111.6 113.0 17.4 17.5 
Table 58. (Continued) 
Component Ear diameter Kernel row no. 300 kernel weight Yield 
lines S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
1 2, 3 4.82 4.76 17.1 17.0 72.0 70.3 141.4 136.9 
1 2, 4 4.81 4.77 16.6 16.6 69.3 67.9 142.8 141.2 
1 2, 5 4.68 4.83 17.4 17.9 60.8 59.0 124.9 125.6 
1 2, 6 4.64 4.67 16.8 17.3 66.8 65.8 122.0 123.4 
1 3, 4 4.75 4.70 17.2 16.7 73.6 74.9 139.8 143.9 
1 3, 5 4.64 4.59 17.6 17.5 66.6 64.3 129.3 123.5 
1 3, 6 4.63 4.61 16.7 16.8 72.5 74.5 129.1 136.0 
1 4, 5 4.69 4.64 16.9 16.8 63.7 63.0 128.3 130,1 
1 4, 6 4.57 4.58 16.0 16.6 68.7 69.5 120.3 137.9 
1 5, 6 4.51 4.53 17.1 17.5 62.4 61.4 115.2 122,2 
2 3, 4 4.88 4.86 18.3 18.6 69.0 68.2 152.7 155.8 
2 3, 5 4.63 4.75 18.4 18.9 95.5 58.5 121.0 122.6 
2 3, 6 4.74 4.76 18,2 19.0 66.3 137.5 135.6 
2 4, 5 4.68 4.75 13.7 17.8 57.2 58.1 134.1 136.9 
2 4, 6 4.70 4.75 17.5 17.6 63.1 62.8 142.8 141.7 
2 5, 6 4.51 4.66 18.3 18.8 54.2 54.0 116.6 120.6 
3 4, 5 4.70 4.67 18.6 18.7 63.3 61.8 133.0 131.6 
3 4, 6 4.69 4.73 18.1 18.4 69.2 70.5 144.3 149.2 
3 5, 6 4.52 4.60 18.6 19.4 61.9 59.6 125.4 131.6 
4 5, 6 4.55 4.55 17.6 17.8 58.5 59.3 128.3 130.2 
Table 59. Mean values from four 
possible within groups 
environments for 
of three inbred 
the three three 
lines of set 03 
-way crosses and three single crosse 
Component 
lines 
Plant height Ear height Ear length 
S-C 3-W S-C 3-W S-C 3-W 
1, 2, 3 202.6 209.2 112.1 115.5 15,9 16,9 
1, 2, 4 209.1 213.2 113.0 116.8 16,8 17.0 
1, 2, 5 219.4 224.0 131.9 136.3 16,7 16.6 
1, 2, 6 218.6 220.6 127.9 129.9 17,0 17.4 
1, 3, 4 200.0 205.6 107.2 113.4 16,3 16.3 
1, 3, 5 213.8 218.8• 125.5 131.2 16.1 16.6 
1, 3, 6 208.9 212.1 116.6 119.2 16.0 16.8 
1, 4, 5 213.8 215,3 123.9 127.9 16.6 16.6 
1, 4, 6 218.6 218.1 123.2 120.1 17.0 17.2 
1, 5, 6 223.5 221.6 140,8 141.1 16.7 16.6 
2, 3, 4 192.6 191.8 90,5 91.0 16.5 16.4 
2, 3, 5 208.7 208.6 108,8 108.2 16.6 16.8 
2, 3, 6 202.2 201.6 99,5 100.6 16.3 16,6 
2, 4, 5 207.6 214.0 106,2 111.3 17.3 17.4 
2, 4, 6 210.8 217,7 105,0 110.7 17.3 17.8 
2, 5, 6 217.9 217.5 122.7 123.5 17.3 17.8 
3, 4, 5 200.0 204.1 102.7 105,1 16.6 17.2 
3, 4, 6 199.2 204.0 96.7 98.4 16.4 16.5 
3, 5, 6 209.8 .212.1 113.7 115,4 16.3 17.3 
4, 5, 6 211.9 216.9 116.7 117,9 17.0 17.6 
Table 59. (Continued) 
Component Ear diameter Kernel row no. 300. kernel weight Yield 
lines - S-C .3-W S-C •3-W S-Ç 3-W S-C 3-W 
1, 2 3 5.01 5.07 . 15.9 16.0 87.1 86.9 149.5 164.5 
1, 2 4 4.95 5.07 16.4 16.5 74.2 76.8 158.8 163.8 
1, 2 5 5.00 4.92 16.4 16.2 76.1 78.0 153.9 148.6 
1, 2 6 4.97 5.00 17.0 17.3 78.2 78.4 151.3 159.4 
1, 3 4 4.92 4.97 15.1 15.6 87.2 86.9 157.2 159.3 
1, 3 25 5.03 5.08 15.1 15.5 89.1 90.4 150.5 153.1 
1, 3 6 4.87 4.90 15.4 15.4 92.0 89.7 158.2 149.0 
1, 4 5 4.88 4.86 15.5 15.5 78.6 78.1 148.2 154.9 
1, 4 6 4.89 4.90 16.0 15.8 79.6 79.3 153.7 152.8 
1, 5 6 4.84 4.84 16.0 15.7 81.2 80.6 138.0 136.8 
2, 3 4 4.64 4.66 15.0 14.8 89.2 87.4 155.0 152.6 
2, 3 5 4.82 4.81 15.4 , 15.2 92.3 90.0 158.4 155.9 
2, 3 6 4.73 4.76 15.6 15.8 93.3 90.9 168.9 150.5 
2, 4 5 4.72 4.85 15.9 15.8 79.7 82.8 155.9 171.5 
2, 4 6 4.80 4.90 16.4 16.4 78.8 80.0 163.6 170.0 
2, 5 6 4.81 4.85 16.8 16.4 81.7 84.7 158.0 153.4 
3, 4 5 4.65 4.75 14.4 14.4 90.3 90.4 151.5 161.2 
3, 4 6 4.59 4.65 14.5 14.7 90.2 88.9 170.1 149.6 
3, 5 6 4.67 4.76 14.8 14.8 93.1 94.5 162.7 146.3 
4, 5 6 4.64 4.77 15.6 15.7 81.0 78.3 145.8 167.7 
Table 60. Mean values from four environments for the three three-way crosses and three single crosses 
possible within groups of three inbred lines of set 04 
Component 
. lines 
Plant height Ear height Ear length 
S-C 3-W S-C 3-W S-C ,3-W 
1, 2, 3 239.6 237.3 128.5 127.2 17.4 17.5 
1, 2, 4 229.4 228.0 130.2 124.4 16.8 17.3 
1, 2, 5 226.0 222.0 119.4 116.5 18.0 17.5 
1, 2, 6 231.3 230.3 133.8 131.9 18,0 18.2 
1, 3, 4 231.3 227.2 124.4 118.7 16.8 16.7 
1, 3, 5 231.7 231.3 116.1 120.2 17.6 17.4 
1, 3, 6 235.3 232.9 126.0 126.2 17.6 17.8 
1, 4, 5 223.1 223:4 119.2 118.1 17.1 17.8 
1, 4, 6 229.5 ' 226.9 133.7 ,128.1 17.7 18.1 
1, 5, 6 220.1 224.6 115.5 120.6 18.3 18.4 
2, 3, 4 230.0 232.8 126.9 126,1 16.6 17.2 
2, 3, 5 236.1 232.3 123.5 122.3 17.4 17.6 
2, 3, 6 233,1 230.0 125.8 123.2 17.2 17.8 
2, 4, 5 229.3 223.7 128.5 121.4 17.2 17.9 
2, 4, 6 229.1 228.3 135.5 130.1 17.6 18.1 
2, 5, 6 225.5 222.5 122.1 120.3 18.3 18.5 
3, 4, 5 230.1 228.8 123.4 122.0 17.0 17.9 
3, 4, 6 228.2 230.8 125.8 124.6 17.4 17.9 
3, 5, 6 228.3 230.8 115.0 116.9 17.6 17.8 
4, 5, 6 226;0 220.8 126.1 119.2 18.1 18.2 
Table 60. (Continued) 
Component 
. lines 
Ear diameter Kernel row no. 300 kernel weight Yield 
S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
1, 2, 3 5.05 5.06 18.9 19.0 77.1 75.5 169.5 169.7 
1, 2, 4 4.93 4.93 19.3 19.1 68.4 73.0 150.1 155.1 
1, 2, 5 5.05 4.94 19.1 18.9 76.1 76.8 169.1 152.9 
1, 2, 6 4.78 4.76 17.8 17.6 77.2 78.5 161.1 163.3 
1, 3, 4 4.92 4.75 19.0 18.3 30.0 70.7 152.6 135.2 
1, 3, 5 5.03 5.05 18.6 18.5 77.2 76.2 170.5 168.4 
1, 3, 6 4.74 4.70 16.9 17.0 78.1 77.7 153.1 151.1 
1, 4, 5 4.98 4.93 19.4 19.0 69.2 11.4 156.6 161.9 
Ij 4, 6 4.71 4.70 18.2 17.7 69.9 74.6 149.8 160.0 
1, 5, 6 4.77 4.85 17.7 18.0 •77.7 78.5 158.4 164.6 
2, 3, 4 4.99 5.00 20.7 20.7 66.8 70.7 151.6 160.2 
2, 3, . 5 5.18 5.13 20.4 20.5 77.7 75.4 182.6 176.8 
2, 3, 6 4.80 4.80 18.6 18.9 77.0 73.1 159.1 160.8 
2, 4, 5 5.04 5.04 20.9 21.1 67.9 72.4 164.5 171.7 
2, 4, 6 4.71 4.78 19.5 19.6 67.0 72.7 151.5 159.4 
2, 5, 6 4.90 4.95 19.2 19.6 78.5 78.1 ld3.3 174.5 
3, 4, 5 5.05 5.01 20.1 20.3 71.3 70.9 167.7 173.5 
3, 4, 6 4.67 4.68 18.4 18.5 70.2 75.3 145.4 158.2 
3, 5, 6 4.85 4.91 17.9 18.1 81.2 81.4 166.1 170.2 
4, 5, 6 4.84 4.80 19.2 19.3 72.0 74.7 164.0 162.7 
Table 61, Mean values from four environments for the three three-way crosses and three single crosses 
possible within groups of three inbred lines of set 05 
Component 
.lines 
Plant height Ear height Ear length 
S-C 3-W S-C 3-W S-C 3-W 
1, 2, 3 281.3 196.5 100.4 98,3 17.4 17.6 
1, 2, 4 195.1 19%.2 107.2 106.6 17.2 17.4 
1, 2, 5 201.9 200.5 107.0 106.3 18.4 18.4 
1, 2, 6 194.7 192.7 102.9 104.1 17.5 17.3 
1, 3, 4 209.2 205,7 102.5 97.8 17.3 17.4 
1, 3, 5 217.5 218.0 104.6 103.4 18.6 18.6 
1, 3, 6 208.5 203.4 97.6 91,0 17.7 17.8 
1, 4, 5 211.9 208.7 108.6 106.9 18.9 18.4 
1, 4, 6 200.8 200.5 102.6 100.0 17.9 18.1 
1, 5, 6 208.1 207.6 103.2 102.3 19.2 19.5 
2, 3, 4 204.1 201.2 102.9 102.4 16.0 16.0 
2, 3, 5 208.2 207.7 103.9 104.0 17.1 17.2 
2, 3, 6 204.9 199.5 100.7 96.4 16.5 16.5 
2, 4, 5 201.8 201.4 106.0 106,1 16.9 17.0 
2, 4, 6 195.4 195.3 103.9 102.2 16.2 16.4 
2, 5, 6 199.5 197.7 103.2 103.3 17.4 17.5 
3, 4, 5 220.6 224.7 106.6 105.9 17.1 17.2 
3, 4, 6 213.3 210.4 101.6 95.5 16.4 16.3 
3, 5, 6 218.1 217.0 103.3 99.7 17.7 17.4 
4, 5, 6 210.1 209.9 103.6 102.7 17.8 18.2 
Table 61. (Continued) 
Component 
lines 
Ear diameter Kernel row no. 300 kernel weight Yield 
S-C 3-W S-c 3-W S-C 3-W S-C .3-W 
1, 2, 3 4.52 4.56 16.9 17.2 70.5 71.9 127.1 333.2 
1, 2, 4 4.70 4.63 19.3 18,6 66.8 67.6 142.4 148.5 
1, 2, 5 4.66 4.71 17.0 17.2 75.2 76.5 142.5 149.5 
1, 2, 6 4.73 4,67 16.8 16.9 71.5 73.9 143.8 145.0 
1, 3, 4 4.65 4.60 20,5 20,5 61.1 58.9 137.9 135.8 
1, 3, 5 4.56 4.61 18.1 18.5 66.5 63.2 138.6 137.1 
1, 3, 6 4.60 4.55 17.7 17.6 64.8 63.6 132.7 130.0 
1, 4, 5 4.70 4.70 20.4 20.6 65.3 63.7 lésa 186.3 
1, 4, 5 4.71 4.66 19,8 19.4 62.0 63.4 151.7 149.7 
1, 5, 6 4.62 4.64 17.5 17.5 66.9 65.7 145.0 150.6 
2, 3, 4 4.88 4.91 19.7 19.4 73.5 73.4 135.4 146.4 
2, 3, 5 4.73 4.84 16.8 16.8 80.9 81.4 131.2 136.5 
2, 3, 6 4.87 4.90 17.1 17.1 78.7 78.6 139.8 145.8 
2, 4, 5 4.98 4.92 19.2 18.9 77.0 77.6 152.6 159.0 
2, 4, 6 5.08 5.00 19.4 18.8 73.2 72.6 155.6 155.1 
2, 5, 6 4.93 4.85 16.5 16.6 80.1 79.6 145.0 144.2 
3, 4, 5 4.83 4.86 20.6 20.8 68.1 68.0 153.4 152.9 
3, 4, 6 4.91 4.88 20.5 20.4 66.1 66.2 149.2 142.2 
3, 5, 6 4.71 4.74 17.6 17.7 70.1 59.9 139.1 133.2 
4, 5, 6 4.88 4.87 19.7 19.1 67.1 67,9 164.3 160.0 
Table 62. Mean values from four environments for the three three-way crosses and three single crosses 
possible within groups of three inbred lines of set 06 
Component 
lines 
P lant height Ear height Ear length 
S-G 3-W S-C 3-W S-C 3-W 
1, 2, 3 210.7 211.6 96.7 95.3 18.0 18.1 
1, 2, 4 220.1 222.0 112.1 113.2 16,9 17,5 
1, 2, 5 217.9 212.3 110.7 107.6 17.2 17,6 
1, 2, 6 219.3 217.6 110.3 109.0 18.1 19.2 
1, 3, 4 209.3 2C3.4 107.1 107.4 17,3 16,8 
1, 3, 5 211.9 209.1 106.5 105,2 17.7 17,8 
1, 3, 6 205.6 207.8 103.0 104.5 18,4 19,5 
1, 4, 5 220.8 220.0 121.6 119.4 16.8 16,6 
1, 4, 6 216.5 216.2 119.8 117.1 17.2 18,8 
1 , 5 ,  6 219.0 216.2 120.3 115.5 18.0 19,3 
2, 3, 4 209.8 213.4 103.2 160.5 18,7 18,6 
2, 3, 5 209.9 208.5 103.0 101.4 18.4 18,5 
2, 3, 6 209.3 212.5 101.0 102.4 20.7 20,5 
2, 4, 5 215.8 215,8 116.2 117.1 19.2 17,4 
2, 4, 6 217.3 218.2 116.0 113.0 19.3 19.3 
2, 5, 6 217.2 215.5 117.0 114.4 19.5 19,7 
3, 4, 5 212.9 217.3 111.8 114,9 17.7 17,8 
3, 4, 6 206.6 212.7 108.5 111.0 19.5 19,2 
3, 5, 6 211.4 205.0 110.2 104.2 19.8 19.3 
4, 5, 6 218.8 215.9 124.8 120.2 18.6 18.6 
Table 62 . (Continued) 
Component 
lines 
Ear diameter Kernel row no. 300 kernel weight Yield 
S-C 3-W S-C .3-W S-C .3-W S-C 3-W 
1, 2, 3 4.73 4.65 17.6 17.6 83.9 83.2 148,4 150,4 
1, 2, 4 4.60 4.69 16.4 16.8 83.9 83.2 138.8 154.0 
1, 2, 5 4,66 4.70 16.4 16.3 80.3 78.2 151.3 149.8 
1, 2, 6 4.41 4.45 17.1 17.8 78.8 81.2 131.9 131.1 
1, 3, 4 4.72 4.75 17.1 17.7 76.5 75.4 137,4 141.2 
1, 3, 5 4.74 4.69 16.9 17.2 70.3 71.2 147.0 144,3 
1, 3, 6 4.52 4.61 17.8 18.9 72.5 77.4 141,1 146.9 
1, 4, 5 4.72 4.69 15.7 15,9 76.5 77,8 145.3 143.7 
1, 4, 6 4.50 4.61 16.8 17.6 73.9 78.2 128.2 143,3 
1, 5, 6 4.54 4.61 16.8 17,9 69.9 70,3 147.9 151,8 
2, 3, 4 4.73 4.68 16.4 16.1 81.2 80,9 159.1 151.4 
2, 3, 5 4.68 4.67 16.0 15.7 74.6 75,8 154,1 153,9 
2, 3, 6 4.57 4.54 17.8 17.9 77.2 76.5 150,4 150,0 
2, 4, 5 4.64 4,68 14.7 14,4 80,1 84.6 154.9 154,4 
2, 4, 6 4.53 4.52 16.9 17.0 77,8 80.2 139.8 140,8 
2, 5, 6 4.50 4,58 16.6 16.6 73,5 75.4 145,0 157,9 
3, 4, 5 4.63 4.63 15.4 15.4 70,9 ?3.0 139.2 148,4 
3, 4, 6 4.55 4.50 17.7 18.0 72.3 74.3 137,6 134,6 
3, 5, 6 4.48 4.47 17.3 17.6 65,3 69,0 139,8 137,2 
4, 5, 6 4.55 4.55 16.3 16,2 72,2 76,4 137,3 145.1 
Table 63. Mean values from four environments for the three three-way crosses and three single crosses 
possible within groups of three inbred lines of set 07 
Component 
- lines 
Plant height Ear height . Ear length 
S-C 3-W S-C 3-W S-C 3-W 
1, 2, 3 224.9 226.7 113.8 114.6 16.7 16.7 
1, 2, 4 226.5 226.5 114.9 112.7 17.1 17.3 
1, 2, 5 221.8 223.4 110.1 111.3 16,9 17.0 
1, 2, 6 222.7 226.9 116.0 119.3 18.0 17.3 
1, 3, 4 232.7 236.3 117.8 119.1 16.3 16.4 
1, 3, 5 229.0 228.3 115.0 114.5 16.5 16.4 
1, 3, 6 232.7 235.6 120.3 125.9 16,5 16.8 
1, 4, 5 228.1 227.8 113.7 112.6 16 .'7 17.0 
1. 4, 6 231.7 237.4 121.6 127.2 17.0 17.0 
1, 5, 6 227.8 229.2 116.5 121.6 16.6 16.9 
2, 3, 4 229.4 230.4 118.2 117.1 16.4 16.4 
2, 3, 5 221.0 220.3 111.0 109.6 16.2 16.2 
2, 3, 6 221.6 226.6 115.5 119.8 17.2 16.4 
2, 4, 5 223.6 222.4 110.3 109.8 17.2 17.3 
2. 4, 6 224.1 226.3 117.4 117.3 18.5 17.6 
2, 5, 6 215.4 221.0 107.8 113.0 17.7 16.7 
3, 4, 5 231.7 229.2 119.1 113.6 15.9 16.3 
3, 4, 6 235.0 236.8 125.6 126.8 16.2 16.8 
3, 5, 6 227.3 266.3 118.2 117.6 15.8 16.5 
4, 5, 6 227.3 231.0 117.6 119.4 16.9 17.3 
Table 63. (Continued) 
Component Ear diameter Kernel row no. 300 kernel weight Yield 
.lines S-C 3-W S-C 3-W S-C 3-W S-C 3-W 
1, 2, 3 4.54 4.56 18.0 18.1 74.7 72.9 133.4 132.0 
1, 2, 4 4.40 4.47 15.5 15.9 78.0 75.4 130.4 131.8 
1, 2, 5 4.61 4.63 16.4 16.4 79.1 78.5 141.5 142.5 
1, 2, 6 4.50 4.44 16.6 16.1 82.0 78.4 139.6 142.8 
1, 3, 4 4.81 4.79 17.9 17.8 80.0 77.1 131.2 136.3 
1, 3, 5 5.03 4.93 18.7 18.5 82.2 82.1 147.7 143.7 
1, 3, 6 4.81 4.75 18.1 18.0 80.6 77.8 142.6 144.6 
1, 4, 5 4.86 4.88 16.4 16.3 83.5 84.2 135.8 140.4 
1, 4, 6 4.74 4.76 16.2 16.4 82.2 83.3 142.7 144.7 
1 , 5 ,  6 4.91 4.90 16:8 16.5 85.6 86.9 153.0 159.8 
2, 3, 4 4.52 4.52 19.1 18.1 70.6 70.6 129.9 133.6 
2, 3, 5 4.73 4.80 19.2 19.6 71.3 71.8 140.3 147.1 
2, 3, 6 4.52 4.56 19.1 18.1 74.8 72.7 131.4 134.0 
2, 4, 5" 4.66 4.61 16.6 16.8 74.7 73.6 139.8 147.0 
2, 4, 6 4.55 4.54 17.1 16.8 78.5 73.1 142. 9 149.5 
2, 5, 6 4.72 4.66 17.8 17.3 80.3 79.1 147.2 151.8 
3, 4, 5 5.04 5.07 19.3 19.5 75.5 76.3 140.0 146.9 
a,  4 ,  6 4.83 4.92 18.9 18.9 74.8 75.6 139.9 154.9 
3, 5, 6 5.00 5.06 19.6 20.0 77.7 79.3 149.6 164.9 
4, 5, 6 4.99 5.04 17.7 17.8 79.5 81.8 152.2 165.5 
Table 64, Mean values from four environments for the three three-way crosses and three single crosses 
possible within groups of three inbred lines of set 08 
Component Plant height Ear height Ear length 
lines S-C 3^W S-C 3-W S-C 3-W 
1 25 3 211.8 212.6 101.6 100.6 16.1 16.1 
1 2, 4 213.6 216.7 106.6 109.0 17.3 16.9 
1 2, 5 196.0 197.3 89.6 89.5 15.5 15.6 
1 2, 6 197.7 199.9 94.0 95.1 16.0 16.5 
1 3, 4 234.0 231.7 125.0 122.6 17.4 17.0 
1 3, 5 219.6 213.9 109.7 106.0 16.9 16.5 
1 3, 6 220,0 216.5 112.4 113.3 17.1 16.9 
1 4, 5 220.4 221.6 111.5 114.2 17.0 17.4 
1 4, 6 220.4 225.4 113.6 120.7 17.7 17.9 
1 5, 6 204.0 206.1 99.1 100.1 16.8 16.6 
2 3, 4 221.2 226.1 110.0 114.5 16.4 15.6 
2 3, 5 ,200.7i 200.8 89.6 90.9 14.9 15.1 
2 3, 6 206.4 209.2 96.5 99.3 15.3 15.2 
2 4, 5 207.1 209.2 97.5 98.2 15.4 14.7 
2 4, 6 212.5 218.5 103.9 110.6 16.2 15.9 
2 5, 6 100.1 193.6 84.3 85.9 14.4 14.5 
3 4, 5 217.9 218.1 110.0 110.3 15.8 15.8 
3 4, 6 221.9 222.2 114.6 113.5 16.3 15.6 
3 5, 6 202.6 206.2 96.8 99.5 15.8 15:'9 
4 5, 6 207.7 215.1 100.9 107.1 15.6 15.7 
Table 64. (Continued) 
Component Ear diameter Kernel row no. 300 kernel weight Yield 
lines S^C 3-W S-C 3-W S-C 3-W S-C 3-W 
1, 2, 3 4.80 4.76 16.4 16.2 85.1 86.6 147.5 143.7 
1, 2, 4 4.87 4.85 16.2 16.1 92.4 90.0 149.1 160.0 
1, 2, 5 4.78 4.76 15.6 15.5 84.4 82.5 133.3 134.6 
1, 2, 6 4.76 4.97 16.6 16.8 82.3 81.9 129.5 143.9 
1, 3, 4 4.95 4.89 17.6 17.5 86.3 85.9 184.5 168.8 
1, 3, 5 5.01 4.93 17.8 17.4 80.0 80.1 172.9 164.7 
1, 3, 6 4.93 4.94 18.7 18.5 80.0 78.1 170.2 161.4 
1, 4, 5 4.93 4.96 17.2 17.2 88.2 88.5 159.1 172.1 
1, 4, 6 4.90 4.89 18.0 17.9 85.4 82.5 170.3 174.2 
1, 5, 6 4.95 4.93 17.6 17.9 76.7 77.6 148.7 155.0 
2, 3, 4 4.82 4.73 17.6 17.1 86.3 85.8 147.4 132.9 
2, 3, 5 4.74 4.76 17.0 16.9 80.9 80.4 136.4 136.0 
2, 3, 6 4.68 4.66 18.4 18.1 80.5 76.5 129.8 110.6 
2, 4, 5 4.83 4.81 16.9 17.2 88.5 86.0 124.5 114.7 
2, 4, 6 4.81 4.83 • 18.1 18.0 85.2 82.4 131.8 134.5 
2, 5, 6 4.72 4.80 17.1 17.5 77.8 78.8 110.8 115.8 
3, 4, 5 4.85 4.95 18.6 18.8 78.7 79.7 148.4 155.3 
3, 4, 6 4.78 4.70 19.8 19.9 77.6 75.1 156.7 130.7 
3, 5, 6 4.85 4.86 19.4 19.3 71.6 71.8 139.9 144.1 
4, 5, 6 4.82 4.80 18.8 19.0 77.5 75.5 126.5 129.1 
Table 65. Mean values from four environments for the three three-way crosses and three single crosses 
possible within groups of three inbred lines of set 09 
Component 
lines 
Plant height Ear height Ear length 
S-C 3-W è - ù  3-W y-c  3-W 
1, 2, 3 214.9 219.4 107.1 112.3 16.5 17.1 
1, 2, 4 226.3 229.0 114.8 118.5 15.8 16.2 
1, 2, 5 220.1 223.9 117.0 121.2 15.8 16.0 
1, 2, 6 222.4 227.4 114.7 120.3 16.4 17.3 
1, 3, 4 . 210.9 214.2 104.6 109.5 15.9 15.3 
1, 3, 5 211.7 208.9 114.6 111.2 15.9 15.9 
1, 3, 6 210.0 215.4 107.0 112.7 16.7 16.8 
1, 4, 5 218.6 222.0 117.0 119.0 15.9 15.5 
1, 4, 6 225.4 229.3 117.9 121.4 16.8 16.7 
1, 5, 6 221.2 222.9 126.6 126.2 16.5 16.3 
2, 3, 4 225.6 228.1 111.8 116.7 15.9 16.4 
2, 3, 5 223.3 226.2 115.5 119.0 16.4 16.6 
2, 3, 6 220.6 229.3 109.9 117.0 16.7 17.1 
2, 4, 5 229.2 233.8 120.8 127.6 15.9 16.4 
2 , 4 ,  6 234.9 235.4 123.8 124.5 16.3 16.7 
2, 5, 6 227.7 230.3 126.1 131.6 16.5 16.9 
3, 4, 5 221.7 223.7 , 115.4 114.9 16.3 16.5 
3, 4, 6 223.6 229.5 113.0 119.5 17.0 17.2 
3, 5, 6 223.3 225.9 123.2 122.4 17.2 16.6 
4, 5, 6 233.1 226.0 131.8 127.4 17.5 16.4 
Table 65, (Continued) 
Component Ear diameter Kernel row no. 300 kernel weight Yield 
lines S-C ;3-W S-C 3-W S-C 3-W S-C 3-W 
1 2, 3 4.99 4.95 18.1 17.9 80.3 80,8 162.2 167,8 
1 2, 4 4.88 4.92 17.4 17,7 78.3 78,0 150.1 158.1 
1 2, 5 4.96 5.04 19.5 19.7 69,4 %1.2 149.5 161.3 
1 2, 6 5.02 5.03 17,9 18.0 81,1 82.6 159.2 171.5 
1 3, 4 4.71 4.75 16.8 16.6 82.8 85.4 139.7 147.7 
1 3, 5 4.81 4.76 19.0 18.2 69.6 72.6 143.2 141.4 
1 3, 6 4.79 4.95 17.4 17.3 87.0- 89.9 151.9 161.4 
1 4, 5 4.75 4.76 18.2 18.3 73.0 71.9 135,8 135.6 
1 4, 6 4.86 4.90 17.2 17.5 83.2 81.4 147.8 152.7 
1 5, 6 4.93 4.98 18.8 18.8 74.6 75.0 154.4 158.7 
2 3, 4 4.83 4.90 17.5 17.7 78,3 77.1 143.2 147.5 
2 3, 5 4.87 4.90 19.9 19.3 66,8 71.2 136.8 151.2 
2 3, 6 4.89 4,95 18.0 18.0 83.1 83.8 146.4 153.5 
2 4, 5 4.76 4.88 18.6 19.2 69.6 67.0 129,8 141.3 
2 4, 6 4.92 4.90 17.4 18,1 78.7 75.4 142.6 148.7 
2 5, 6 4.92 4.93 19.2 18,9 71.8 71,7 139.4 152.9 
3 4, 5 4.61 4.76 18.2 17,8 70.6 76.6 126.2 148.8 
3 4, 6 4.69 4.82 16.9 17,4 85.4 83,0 138,0 153.3 
3 5, 6 4.72 4.78 18.7 18,4 74.2 78.7 138.9 148,2 
4 5, 6 4.82 4.64 18.0 17.9 75,2 72.6 139,9 125.4 
Table 66, Mean values from four environments for the three three-way crosses and three single crosses 
possible within groups of three inbred lines of set 10 
Component Plant height Ear height Ear length 
lines 3-W S-Ç 3-W S-C 3-W 
1, 2, 3 191.6 191.1 90.3 91.7 17.1 16.7 
1, 2, 4 207.6 207.8 100.1 100.4 17.9 18.1 
1, 2, 5 203.9 201.6 105.6 105.3 17.2 17.0 
1, 2, 6 208.0 204.4 101.8 99.9 18.0 18.2 
1, 3 ,  4 205.7 205.2 95.8 94.2 17.6 17.4 
1, 3, 5 202.2 202.2 102.0 103.8 16.5 15.9 
1, 3, 6 202.1 203.8 94.3 97.1 18.0 17.6 
1, 4, 5 216.4 218.3 114.1 113.1 17.6 17.8 
1, 4, 6 222.3 222.7 109.2 106.0 19.0 19.1 
1, 5, 6 215.2 214.4 113.1 112.1 18.0 18.0 
2 ,  3, 4 202.9 200.6 96.4 97.7 16.9 16.8 
2, 3, 5 200.8 200.4 106.1 109.3 15.8 15.3 
2, 3, 6 199.7 200.4 98.1 99.7 17.1 16.6 
2, 4, 5 215.2 212.7 116.3 113.7 17.0 16.4 
2, 4, 6 220.2 220.7 111.1 114.5 18.1 17.9 
2, 5, 6 214.5 216.2 118.5 119.9 17.3 17.0 
3, 4, 5 214.9 217.4 110.8 112.7 16.0 16.2 
3, 4, 6 215.8 212.0 101.6 100.2 17.8 17.5 
3, 5, 6 210.2 210.7 109.7 112.2 16.5 16.7 
4, 5, 6 228.9 229.3 125.1 125.4 17.9 17.5 
Table 66. (Continued) 
Component Ear diameter Kernel row no. 300 kernel weight Yield 
lines S-C 3-W S-C 3-W S-C .3-W S-C 3-W 
1 2 3 4.40 4.34 15.9 15.7 68.5 70.0 124.3 126.7 
1 2 4 4.51 4.55 17.3 17.6 66.6 66,6 139.0 144,5 
1 2 5 4.80 4.72 16.8 16.7 76.1 75.6 148.5 149,8 
1 2 6 4.72 4.81 17.0 17.0 76,5 78.1 149.2 157.0 
1 3 4 4.19 4.21 16.9 16.8 64.4 67.2 130.3 133,5 
1 3 5 4.48 4.44 16.1 15.9 74.3 79.4 138,2 132,9 
1 3 6 4,45 4,47 . 16.3 16.2 75.3 78.8 143.8 143,3 
1 4 5 4.59 4.60 17.9 18.2 71.3 71.0 152.5 159,6 
1 4 6 4.52 4.56 17.8 18.1 72.9 73.8 156.9 163.9 
1 5 6 4.85 4.82 17.6 17.6 80.6 81.1 161.7 162,6 
2 3 4 4.35 4.38 16.7 16.9 67.0 69.3 123.4 127,9 
2 3 5 4.66 4.62 16.2 16.3 79.1 78.8 130.2 129.1 
2 3 6 4.58 4.63 16.2 16.5 80.5 81.7 135.4 135.3 
2 4 5 4.77 4.75 17.8 18.2 71.4 71.1 143.0 146.0 
2 4 6 4,66 4.70 17.6 18.0 73.4 73.4 147.0 150.3 
2 5 6 5.01 4.90 17.5 17.4 83.3 83.2 150.6 149.8 
3 4 5 4.47 4.56 17.4 17.4 71.1 77.2 132.7 142.9 
3 4 6 4.42 4.49 17.0 17.1 73.7 78.3 141.6 148.9 
3 5 6 4.76 4.78 16.9 17.0 84.0 88.2 143.7 ,153.3 
4 5 6 4.84 4.74 18.6 18.6 25.8 77.7 154.8 154.0 
Table 67. Diallel analysis oi plant height data obtained for each set in four environments 
Source of 
variation. d.f. Mean squares 
Set 01 02 03 04 05 
Crosses 14 226.53** .1177.47** 1196.80** 531.75** 993.84** 
g • c. a. 5 558.83** 2260.21* 2827.72** 611.05 2531.34** 
s.c.a. 9 42.36 575.95** 290.74** 487.69** 139.68** 
Crosses x env. 42 48.75* 42.08 48.22 61.06 33.30 
g.c.a. 15 86.30** 30.18 52.43 73.42 35.87 
s.c.a. 27 27.89 48.69 46.00 54.19 31.87 
Error 56 25.18 54.99 36.93 51.74 25.73 
,Set 06 07 08 09 10 
Crosses 14 453.87** 456.62** 2154.04** 874.37** 1379.96** 
g.c.a. 5 918.00* 991.22* 5090.75** 1883.99** 3665.40** 
s.c.a. 9 196.02** 159.62** 522.53** 313.47** 110,26**, 
Crosses x env. 42 26.67 :54va4 47.28 75.39* 37.43 
g.c.a. 15 38.23 93:32* 63.86 126.70** 37.81 
s.c.a. 27 20.24 33.20 38.08 46.89 37.22 
Error . 56 33.18 41.60 39.39 47.20 27.77 
Table 68. Diallel analysis of ear height data obtained for each set in four environments 
Source of 
variation d.f. Mean squares 
Set 01 02 03 04 05 
Crosses 14 800.46** 770.53** 2692.38** 817.17** 152.99** 
g.c.a. 5 2152.07** 1620.73* 7205.77** 1261.85 • 245.74 
s.c.a. 9 49.57** 298.20** 184.94** 570.12** 101.46** 
Crosses x env. 42 25.18* 30.91 45.58 38.34 33.74* 
g.c.a. 15 36.65** 29.87 51.59 52.02* 55.14** 
s.c.a. 27 18.81 31.49 42.24 30.75 21.85 
Error 56 13.72 32.17 34.84 28.10 18.04 
Set 06 07 08 09 10 
Crosses 14 1034.18** 363.08** 1797.04** 997.95** 1380.06** 
g.c.a. 5 2604.38** 716.67* 4576.73** 2057.07* 3630.95** 
s.c.a. 9 46.93* 166.65** 252.77** 409.55** 129.56** 
Crosses x env. 42 27.46 28.66 25.28 41.71 28.06 
g.c.a. 15 47.34* 50.71* 26.92 62.63* 34.47 
s.c.a. 27 16.42 16.41 24.38 30.08 24.50 
Error 56 21.03 21.40 17.02 32.62 19.81 
Table 69. Diallel analysis of ear length data obtained for each set in four environments 
Source of 
variation d.f. Mean squares 
Set 01 02 03 04 05 
Crosses 14 9.59** 6.14** 3.65 5.17** 12.71** 
g.c.a. 5 20.78** 10.80* 7.27 9.34* 33.26** 
s.c.a. 9 3.37** 3.55 1.64 2.86* 1.30 
Crosses x env. 42 1.02 1.88* 2.47** 1.09 1.38** 
g.c.a. 15 1.50 1.51 4.12** 1.51 1.68 
s.c.a. 27 0.75 2.09* 1.55 0.85 1.21** 
Error 56 1.19 1.17 1.08 0.93 0.48 
Set 06 07 08 09 10 
Crosses 14 21.98** 10.98** 16.01** 6.23** 10.89** 
g.c.a. 5 48.67** 17.53 32.27* 8.00 26.86** 
s.c.a. 9 7.15** 7.34** 6.97* 5.24** 2.02** 
Crosses x env. 42 1.42 1.92* 2.01** 1.01* 0.93 
g.c.a. 15 2.16 3.47** 1.19 1.45** 1.07 
s.c.a. 27 1.00 1.06 2.46** 0.76 0.85 
Error 56 1.23 1.06 1.00 0.57 0.71 
Table 70, Diallel analysis of ear diameter data obtained for each set in four environments 
Source of 
variation d.f. Mean squares 
Set 01 02 03 04 05 
Crosses 14 0.0864* 0.2478** 0.3850** 0.3764** 0.4264** 
g.c.a. 5 0.0560 0.4980* 0.2700* 0.9420** 0.9600** 
s.c.a. 9 0.1033* 0.1089* 0.1711** 0.0622* 0.1300* 
Crosses X env. 42 0.0343 0.0529 0.0314 0.0360 0.0612** 
g.c.a. 15 0.0687 0.0813 0.0447 0.0333 0.0840 
s.c.a. 27 0.0152 0.0370 0.0237 0.0378 0.0481* 
Error 56 0.0382 0.0491 0.0382 0,0229 0.0250 
Set 06 07 08 09 10 
Crosses 14 0.2093** 0.6636** 0.1757** 0.2300** 0.6686** 
g.c.a. 5 0.3620 1.7280** 0.2720 0.4680* 1.8300** 
s.c.a. 9 0.1244* 0.0722** 0,1222** 0.0978** 0.0233 
Crosses x env. 42 0.0407* 0.0217 0.0610 0.0300 0.0631 
g.c.a. 15 0.0340 0.0413 0.0573 0.0347 0.1007* 
s.c.a. 27 0.0448* 0.107 0.0630 0.0278 0.0426 
Error 56 0.0245 0.0252 0.0400 0.0241 0.0491 
Table 71. Diallel analysis of kernel row number data obtained for each set in four environments 
Source of 
variation d.f. Mean squares 
Set 01 02 03 04 05 
Crosses 14 12.81** 8.25** 9.28** 19.22** 36.44** 
6 * c * a o 5 31.90** 16.38* 23.18** 48.15** 97.57** 
s.c.a. 9 2.20** 3.74** 1.56** 3.14** 2.48** 
Crosses x env. 42 0.56 0.75 0.30 0.40 0.35 
g • c. a, 15 0.80* 1.17* 0.61 0.24 0.39 
s.c.a. 27 0.43 0.52 /0;13 0.49* 0.33 
Error 56 0.38 0.54 0.42 0.26 0.31 
Set 06 07 08 09 10 
Crosses 14 13.39** 24.76** 20.02** 12.87** 8.92** 
g.c.a. 5 26.35* 63.64** 52.54** 32.27** 22.43** 
s.c.a. 9 6.19** 3.16** 1.96 2.09** 1.42** 
Crosses x env. 42 0.50 0.67 0.64k 0.69 0.38 
g.c.a. 15 0.44 0.43 0.18 0.74' 0.70* 
s.c.a. ^7 0.53 0.80* 0.89** 0.67 0.20 
Error 56 0.49 0.45 0.34 0.51 0.33 
Table 72. Dlallel analysis of 300 kernel weight data obtained for each set in four environments 
Source of 
variation d.f. Mean squares 
• Set 01 02 03 04 05 
Crosses 14 226.39** 476.34** 676.63** 374.26** 592.95** 
g.c.a. 5 504.39* 1292.41** 1059.62** 930.26** 1503.58** 
s.c.a. 9 71.94** 22.97 74.97** 65.36** 87.04** 
Crosses x env. 42 31.13 27.92 42.02* 34.19 32.87* 
g.c.a. 15 54,84** 25.10 53.09** 34.75 64.01** 
s.c.a. 27 17.96 29.50 35.87 33.87 15.58 
Error 56 22.09 27.95 21.63 22.20 18.47 
Set 06 07 08 09 10 
Crosses 14 445.18** 309.51** 464.35** 638.93** 527.03** 
g.c.a. 5 1031.66** 659.03** 1085.31** 1551.17** 1286.50** 
s.c.a. 9 119.36 115.33 119.37 132.13** 105.10** 
Crosses x env. 42 96.96** 64.34** 76.04** 75.89* 88.55* 
g.c.a. 15 170.12** 85.54 106.56 142.10** 147.54** 
s.c.a. 27 56.33* 52.57** 59.08* 39.11 55.78 
Error 56 27.51 22.81 30.67 33.21 34.94 
Table 73. Triallel analysis of plant height data obtained for each set in four environments 
Source of variation d.f. Mean squares 
Set 01 02 03 04 05 
Hybrids 59 201.57** 592.42** 761.97** 285.34** 699.32** 
1-line general 5 783.38** 5376.34** 4854.39** 1345.97** 5817.84** 
2-ling specific 9 135.08** 221.57** 464.16** 136.75 232.39** 
3-line specific 5 12.11 59.43 46.10 129.14* 62,30 
1-line order 5 642.12 157.47 2335.84** 946.48** 1548.50** 
2-line order (a) 9 192.50** 340.80** •'.243.96 60.05 126.18** 
2-line order (b) 10 114.67** 107.07 76.36 115.41 55.35 
3-line order 16 38.10 53.42 , 102.36** 112.62** 21.02 
Hybrids x Environments 177 52.37** 50.76* 45.86 58.58 32.95 
1-line general 15 183.56* 104.90** 93.51 86.71* 72.92** 
2-line specific 27 39.14 52.75 41.10 69.19 24.16 
3-line specific 15 64.43* 33.07 82.73* 42.47 28.19 
1-line order 15 52.48 48.81 • 28.27 77.04 72.21** 
2-line order (a) 27 42.22 34.08 41.14 90.97* 20.65 
2-line order (b) 30 22.43 63.63* 51.22 39.02 35.52 
3-line order 48 39.44 40.20 26.94 37,09 20.07 
Pooled Error 236 37.50 40.19 40.38 50.39 33,27 
Table 73. (Continued) 
Source of variation d.f. Mean squares 
Set 06 07 08 09 10 
Hybrids 59 234.49** 306.40** 1130.52** 774.36** 992,25** 
1-line general 5 1273.65* 2150.86** 8947.44** 3424.67** 7842.84** 
2-line specific 9 169.51 66.43 296.03** 203.93** 118.06 
3-line specific 5 236.72** 40.51 60.91 139.05 112.79** 
1-line order 5 477.38** 749.32** 2406.76* 3117.93** 3028.27** 
2-line order (a) 9 54.46 146.56 535.50** 592.74* 77.91 
2-line order (b) 10 84.47* 30.73 61.41 162.93 69.64 
3-line order 16 64.74 71.88* 95.44* 217.49** 72.69** 
Hybrids x Environments 177 47.39 43.80 55.57 51.92** 36.41 
1-line general 15 128.33** 81.43** 82.13 167.78** 83.31** 
2-line specific 27 37.73 23,58 81.85* 40.62 40.77 
3-line specific 15 36.24 36.64 56.23 36.54 15.74 
1-line order 15 46.13 58.84* 76.47 25,81 37.36 
2-line order (a) 27 41.18 53.11 57.98 58.87* 31.60 
2-line order (b) 30 42.53 52.10 40.74 32.49 28.78 
3-line order 48 37.95 30.53 ; ,33.65 43.29 32.94 
Pooled Error 236 43.64 38.60 47.29 36.92 29.67 
Table 74. Triallel analysis of ear height data obtained for each set in four environments 
Source of variation d.f. Mean squares 
Set 01 02 03 04 05 
Hybrids 59 451.84** 557.24** 1738.88** 387.21** 209.78** 
1-line general 5 3267.76** 4866.6Q** 14471.94** 1099.99* 1360.66** 
2-line specific 9 124.10 105.27** 198.99** 294.60 149.54** 
3-line specific 5 19.07 46.69 43.15 96.47* 11.89 
1-line order 5 1287.45** 551.50 4647.72** 2115.22** 465.74* 
2-line order (a) 9 186.55** 312.77** 240.40* 111.89 119.63** 
2-line order (b) 10 29.12 102.39 132.71 108.98 33.72 
3-line order 16 43.76 47.92* 93.65** 96.17** 22.61 
Hybrids x environments 177 41.96** 33.80** 40.99 40.97 29.39 
1-line general 15 102.26 101.27** 75.86* 84.21** 81.67** 
2-line specific 27 32.71 21.36 43.11 41.56 23.97 
3-line specific 15 58.36* 27.64 49.72 21.03 29.84 
1-line order 15 66.17** 33.24 38.87 59.00 25.92 
2-line order (a) 27 29.84 28.72 46.59 51.42 29.26 
2-line order (b) 30 26.12 26.45 41.67 16.58 22.29 
3-line order 48 32.33 ?9.25 23.26 37.11 21.55 
Pooled error 236 28.60 25.28 40.66 38.54 25.16 
Table 74, (Continued) 
Source of variation d.f. Mean squares 
Set 06 07 08 09 10 
Hybrids 59 489.93** 282.85** 1103.92** 482.69** 832.83** 
1-line general 5 3851.19** 2307.80** 9125.88** 2976.02** 6883.61** 
2-line specific 9 80.10 96.69** 214.94 84.20** 163.15 
3-line specific 5 87.89* 31.73 128.29** 51.50 122.73** 
1-line order 5 1324.67** 486.02** 2660.20** 1286.60** 2126.55** 
2-line order (a) 9 51.14 74.50 292.35** 279.26 60.96 
2-line order (b) 10 69.06* 17.98 47.07 84.15 68.52 
3-line order 16 44.71 52.51* 32.68 174.72** 48.13* 
Hybrids x environments 177 41.22 32.88 33.30* 41.75* 30.34 
1-line general 15 85.16** 65.25** 51.57 126.05** 72.11** 
2-line specific 27 32.69 26.93 49.92** 32.78 29.90 
3-line specific 15 28.55 36.61 32.89 36.32 26.75 
1-line order 15 48.37 49.05* 43.04 42.40 20.78 
2-line order (a) 27 37.08 30.14 30.02 49.80* 20.77 
2-line order (b) 30 36.94 26.89 20,22 25.43 28.12 
3-line order 48 $7.76 25.19 25.34 27.62 28.43 
Pooled error 236 35.13 26.80 26.28 32.42 27.59 
Table 75. Triallel analysis of ear length data obtained for each set in four environments 
Source of variation d.f. Mean squares 
Set 01 02 03 04 05 
Hybrids 59 7.30** 3.74** 2.52** 5.29** 7.89** 
1-line general 5 40.11** 24.67** 10.68 13.71* 61.51** 
2-line specific 9 3:93** 1.77** 3.99** 0.91 1.93 
3-line specific 5 1.10 0.71 0.80 1.76** 1.60** 
1-line order 5 19.94** 6.23* 4.58 24.00** 19.49** 
2-line order (a) 9 4.78 1.59* 0.83 4.95 1.59** 
2-line order (b) 10 1.52 1.30 0.81 2.93 0.85 
3-line order 16 1.98** 1.21 1.07 2.06** 0.76 
Hybrids x environments 177 1.01 0.78 1.03** 0.92 0.98** 
1-line general 15 4.81** 1.88** 2.70** 1.10 3.12** 
2-line specific 27 0.90 0.53 1.10 0.68 0.91 
3-line specific 15 0.58 0.70 0.91 0.67 0.55 
1-line order 15 0.56 1.36* 1.83** 1.65* 2.27** 
2-line order (a) 27 0.61 0.62 0.25 0.88 0.47 
2-line order (b) 30 0.53 0.61 0.79 0.63 0.70 
3-line order 48 0.69 0.62 0.86 1.04 0.53 
Pooled error 236 0.81 0.76 0.76 0.78 0,69 
Table 75. (Continued) 
Source of variation d.f. Mean squares 
Set 06 07 08 09 10 
Hybrids 59 11.29** 2.54** 8.43** 5.29** 8.96** 
1-line general 5 90.44** 11.43** 62.02** 13.78** 72.08** 
2-line specific 9 1.68 1.62 4.48* 1.89 1.12 
3-line specific 5 2.81** 0.46 1.17 1.37* 0.99 
1-line order 5 27.00** 5.12 16.27* 10.04 24.67** 
2-line order (a) 9 1.15 3.14** 3.06** 9.31* 0.73 
2-line order (b) 10 1.23 0.73 1.29 2.72 0.37 
3-line order 16 1.70** 0.91 1.22 3.65** 1.24 
Hybrids x environments 177 1.15** 1.08** 1.76** 0.94 1.05* 
1-line general 15 3.00* 1.68 3.83** 1.94** 3.20** 
2-line specific 27 1.20* 1.52** 1.88 1.12 1.06 
3-line specific 15 0.77 0.73 1.16 0.34 0.87 
1-line order 15 0.83 1.05 3.38** 1.38* 1.00 
2-line order (a) 27 1.05 1.03 1.44 0.92 0.74 
2-line order (b) 30 0.70 1.28* 1.79 0.64 0.73 
3-line order 48 1.10 0.68 0.90 0.76 0.81 
Pooled error 236 0.68 0.81 1.22 0.78 0.79 
Table 76. Triallel analysis of ear diameter data obtained for each set in four environments 
Source of variation d.f. Mean squares 
Set 01 02 03 04 05 
Hybrids 59 0 .0396** 0 .1072** 0.1895** 0.2355** 0.2048** 
1-line general 5 0 .0839 0 .6553** 0.9676* 1.5219** 1.6169** 
2-line specific 9 0 .0552 0 .0595 0.2590** 0.0765 0.0768** 
3-line specific 5 0 .0251 0 .0152 0.0317 0.0811* 0.0070 
1-line order 5 0 .0623* 0 .1106** 0.5044** 0.4345* 0.4809** 
2-line order (a) 9 0 .0327 0 .0624 0.0473 0.0508 0.0239 
2-line order (b) 10 0 .0255 0 .0553 0 . 0257 0.1158** 0.0369 
3-line order 16 0 .02 72 0 .0482 0.0404 0 .0879** 0.0177 
Hybrids x environments 177 0 .0251 0 .0356 0 . 0292 0.0234 0.0334** 
1-line general 15 0 .0787* 0 .0514 0 . 0299 0.0305 0.1387** 
2-line specific 27 0 .0346* 0 .0298 0 , 0265 0.0227 0 . 0209 
3-line specific 15 0 .0235 0 .0209 0.0273 0.0290 0.0134 
1-line order 15 0 .0203 0 .0378 0.0463 0.0266 0.0438 
2-line order (a) 27 0 .0171 0 .0297 0.0343 0.0279 0.0159 
2-line order (b) 30 0 .0195 0 .0470 0 . 0201 0.0220 0.0372** 
3-line order 48 0 .0131 0 .0340 0.0286 0 . 0172 0 0180 
Pooled error 236 0 . 0222 0 .0333 0.0353 0.0237 0.0242 
Table 76. (Continued) 
Source of variation d.f. Mean £ squares 
Set 06 07 08 09 10 
Hybrids 59 0.0875** 0.4343** 0.1345** 0.1841** 0.3083** 
1-line general 5 0.5768** 3.5856** 0.4267 0.7561** 2.7441** 
2-line specific 9 0.0700* 0.0636 0.1822 0.1054 0.0964** 
3-line specific 5 0.0326 0.0207 0.0279 0.0490 0.0079 
1-line order 5 0.0736 1.1272** 0.1955 0.3518 0.5185** 
2-line order (a) 9 0.0340 0.0461 0.1432** 0.2444* 0,0532 
2-line order (b) 10 0.0344 0.0562** 0.0582 0.0440 0.0137 
3-line order 16 0.0292 0.0256 0.0735 0.0929** 0.0223 
Hybrids x environments 177 0.0329 0.0320 0.0616 0.0265 0.0209 
1-line general 15 0.0778** 0.0320 0.1467 0.0712** 0.0338 
2-line specific 27 0.0259 0.0477* 0.0942* 0.0260 0.0273* 
3-line specific 15 0.0327 0.0143 0.0534 0.0255 0.0162 
1-line order 15 0.0674** 0.0362 0.0597 0.0371 0.0173 
2-linf order (a) 27 0.0214 0.0353 0.0369 0.0228 0.0158 
2-line order (b) 30 0.0220 0.0363 0.0565 0.0223 0.0269* 
3-line order 48 0.0253 0.02 3 0 0.0370 0.0146 0.0150 
Pooled error 236 0.0265 0.0262 0.0604 0.0226 0.0170 
Table 77. Triallel analysis of kernel row numb 
Source of variation d.f. 
Set 01 
Hybrids 
1-line 
2-line 
3-line 
1-line 
2-line 
2-line 
3-line 
general 
specific 
specific 
order 
order (a) 
order (b) 
order 
59 
5 
9 
5 
5 
9 
10 
16 
8.14** 
78.06** 
0.66  
0.22 
10.36** 
1.07* 
0.56 
1.00* 
Hybrids x environments 177 
1-line general 15 
2-line specific 27 
3-line specific 15 
1-line order 15 
2-line order (a) 27 
2-line order (b) 30 
3-line order 48 
0.55 
0.98* 
0.53 
0.60  
0.69 
0.44 
0.39 
0.54 
Pooled error 236 0.51 
data obtained for each set in four environments 
02 
7.91 
65.24** 
3.91** 
1.00 
13.33** 
1.13 
1.00* 
0.83 
0.56 
1.17** 
0.49 
0.16 
0.90* 
0.40 
0.56 
0.51 
0.49 
Mean squares 
03 04 05 
5.26** 
39.01** 
2.63 
0.94* 
13.07** 
0.82 
0.47 ' 
0 .60  
0.58* 
1.34** 
0.60  
0.34 
0.64 
0.43 
0.54 
0.49 
0.46 
13.00** 
103.71** 
2.48** 
0.88 
30.58** 
3.30 
1.97 
1.36** 
0.51 
0.85* 
0.35 
0.54 
0.78* 
0.53 
0.41 
0.46 
0.45 
20.56** 
166.08** 
4.32** 
1.08 
60.06** 
1.87 
0.84 
0.80* 
0.54** 
0.97** 
0.47 
0.28 
0.47 
0.70* 
0.39 
0.54 
0.41 
Table 77. (Continued) 
Source of variation d.f. Mean squares 
Set 06 07 08 09 10 
Hybrids 59 Î 11.63** 15.77** 12.89** 8.08** 7.00%* 
1-line general 5 102.41** 135.54** 107.02** 44.81** 59.63** 
2-line specific 9 2.49** 3.88** 1.05 2.81** 1.05** 
3-line specific 5 0.48 0.67 0.63 0.72 0.25 
1-line order 5 24.47** 38.83** 31.95** 27.18* 16.91** 
2-line order (a) 9 0.38 0.57 3.05 5.29* 0.92** 
2-line order (b) 10 1.18 0.32 1.20* 1.50 0.50 
3-line order 16 0.72* 0.76 0.84 1.56** 0.41 
Hybrids x environments 177 0.47** 0.51 0.71 0.54 0.44 
1-line general 15 1.13** 0.84 1.27** 0.87* 0.89** 
2-line specific 27 0.45 0.59 0.78 0.62 0.31 
3-line specific 15 0.36 0.55 0.61 0.31 0.39 
1-line order 15 0.49 0.66 1.01* 0.62 0.91** 
2-line order (a) 27 0.43 0.29 0.43 0.66 0.21 
2-line order (b) 30 0.38 0.49 0.52 0.44 0.34 
3-line order 48 0.38 0.45 0.69 0.45 0.42 
Pooled error 1 236 0.36 0.50 0.61 0.46 0.36 
Table 78. Triallel analysis of 300 kernel weights data obtained for each set in four environments 
Source of variation d.f. Mean squares 
Set 01 02 03 04 05 
Hybrids 59 161.66** 333.49** 347.92** 236.77** 402.04** 
1-line general 5 901.37** 2920.96** 2666.19** 666.02** 3556.03** 
2-line specific 9 61.23* 30.48 60.85* 76.64** 88.73** 
3-line specific 5 44.93 •6.61 56.93 35.10 1 4.37 
1-line order 5 519.57** 640.43** 859.70** 1587.22** 1820.84** 
2-line order (a) 9 33.56 57.06* 45.57 50.46 50.13** 
2-line order (b) 10 60.66* 47.89 69.52 57.08 29.44 
3-line order 16 46.88 35.59 60.02* 57.05** 16.87 
Hybrids x environments 177 40.66** 30.56 45.05** 29.71** 21.47** 
1-line general 15 128.43** 18.10 86.04** 66.04** 55.71** 
2-line specific 27 41.75 33.86 45.11 22.35 17.39 
3-line specific 15 15.02 31.98 41.84 17.05 11.71 
1-line order 15 55.17* 30.71 64.36** 45.41** 28.82* 
2-line order (a) 27 38.11 35.37 40.79 32.25 21.96 
2-line order (b) 30 26.12 31.58 46.79 23.42 15.15 
3-line order 48 26.61 28.76 28.48 24.03 17.50 
Pooled error 236 29.03 27.99 30.96 20.36 16.22 
Table 78„ (Continued) 
Source of variation d.f. Mean squares 
Set 06 07 08 09 10 
Hybrids 59 220.20** 201.58** 272.01** 438.32** 304.91** 
1-line general 5 1365.27** 1744.36** 1973.57** 2862.53** 2774.52** 
2-line specific 9 167.52 33.88 52.62 124.85** 68.68* 
3-line specific 5 27.57 27.01 52.33 46.56 18.09 
1-line order 5 603.57** 351.48** 597.73* 1178.94* 479.40** 
2-line order (a) 9 70.27* 19.97 118.07** 291.18** 53.10 
2-line order (b) 10 24.71 32.74 40.08 83.18 24.91 
3-line order 16 38.90 29.19 62.10 52.81* 17.78 
Hybrids x environments 177 57.42** 32.57** 45.63 35.54** 42.01** 
1-line general 15 250.49* 110.55** 132.91** 115.10** 143.99** 
2-line specific 27 47.77 28.86 41.40 30.72 41.08 
3-line specific 15 75.64** 19.05 22.27 14.52 17.31 
1-line order 15 58.12* 30.53 71.51* 78.59** 48.66 
2-line order (a) 27 38.17 21.48 34.53 22.17 31.20 
2-line order (b) 30 21.20 26.31 45.02 24.57 34.94 
3-line order 48 30.05 25.29 26.56 20.90 26.79 
Pooled error 236 28.89 22.55 39.46 27.24 30.00 
